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APPENDIX   6 

PUMPING  SYSTEM   FOR  COLLECTING  WORKS 

BY  WALTER  E.  SPEAR,  DIVISION   ENGINEER,   WITH   ESTIMATES  ON 
ELECTRICAL    EQUIPMENT    BY    HORACE    CARPENTER, 

ELECTRICAL   ENGINEER 

The  proposed  design  for  the  Suffolk  County  collecting 
works  requires  some  form  of  pump  which  can  be  operated 
economically  through  a  suitable  transmission  system  from  one 
or  more  central  power-stations;  the  centrifugal  or  the  recipro- 
cating pumps  with  drop  suctions  which  are  in  use  on  the 
Ridgewood  system  of  the  Brooklyn  works,  for  pumping 
groups  of  wells  and  infiltration  galleries,  would  be  imprac- 
ticable for  the  complete  development  of  the  Suffolk  County 
ground-waters  proposed,  because  of  the  distance  separating 
the  units  of  the  continuous  line  of  wells  and  the  limitations 
in  the  depth  of  pumping.  Either  an  air-lift  system  operated 
from  one  or  more  compressor  stations  or  a  system  of  elec- 
trically driven  pumps  of  the  plunger  centrifugal  or  turbine 
t>'pe,  operated  through  a  high  tension  transmission  line  from 
a  central  electrical  power-station  must  be  chosen. 

The  air-lift  system  offers  many  advantages  over  any  other 
method  of  pumping  in  smaller  depreciation  and  in  greater 
ease  of  operation,  but  these  advantages  are  more  than  offset 
by  the  low  efficiency  of  the  air-lift  and  the  resulting  high 
operating  cost. 

SYSTEM   OF    ELECTRICALLY   DRIVEN    PUMPS 

The  universal  acceptance  of  the  high  tension  electric  cur- 
rent for  long  distance  power  transmission  is  sufficient  proof 
of  its  superiority  over  that  of  pneumatic  or  hydraulic  meth- 
ods. There  can  be  little  question,  therefore,  of  the  applicabil- 
ity of  a  system  of  electric  transmission  and  distribution  of 
power  for  the  proposed  Suffolk  County  collecting  works,  the 
main  line  of  which  extends  over  a  distance  of  SO  miles,  if 
a  highly  efficient  type  of  pump  can  be  designed  that  can  be 
operated  with  low  maintenance  and  depreciation  by  means 
of  an  electrically  driven  motor. 
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Types  of  Pumps 

There  are  several  types  of  pumps  on  the  market  designed 
to  be  driven  electrically,  but  none  of  them  are  quite  suitable 
for  the  Suffolk  County  collecting  works.  Most  of  them  do 
not  appear  to  be  highly  efficient  and  all  probably  suffer  some 
wear  if  any  sand  or  grit  be  present  in  the  water.  A  pump 
is  required  for  the  Suffolk  County  works  that  would  continue 
to  run  economically  for  months  at  a  time  with  but  little  atten- 
tion. 

THE  p.  K.  WOOD  PROPELLER  PUMP 

The  P.  K.  Wood  Pump  Company,  of  Los  Angeles,  Cali- 
fornia, manufactures  a  pump  that  has  been  used  in  the  west 
to  some  extent  for  deep  well  work.  This  pump  consists  of  a 
series  of  propellers  2y2  to  5  feet  apart,  rotating  on  a  vertical 
shaft  within  a  solid  casing.  The  shaft  is  supported  by  spiders, 
or  guides,  at  frequent  intervals  within  this  casing,  and  much 
trouble  arose  in  the  earlier  patterns  from  the  wear  on  these 
unprotected  bearings,  and  the  cutting  of  the  casing,  and  the 
breaking  of  the  propeller  blades  that  resulted.  It  is  claimed 
that  these  earlier  difficulties  have  been,  in  part,  obviated  by 
the  use  of  annular  bearing  rings  of  wood  about  the  shaft. 

The  pump  gives  a  large  discharge,  and  the  manufacturers 
claim  from  50  to  75  per  cent,  efficiency.  The  available  draw- 
ings of  the  propellers,  however,  show  them  to  be  somewhat 
crude,  and  the  efficiency  may  possibly  be  less  than  that  claimed. 
The  bearings  of  this  pump  do  not  appear  to  be  as  well  pro- 
tected from  wear  as  the  next  pump  considered. 


({ 


BYRON    JACKSON       DEEP    WELL   VERTICAL   TURBINE   PUMP 


it 


The  "Deep  Well  Vertical  Turbine"  pump  made  by  the 
Byron  Jackson  Machine  Company,  of  San  I^>ancisco,  Califor- 
nia, is  a  multi-step  centrifugal  pump  and  efficiencies  of  6o 
per  cent,  are  said  to  have  been  obtained.  The  vertical  shaft 
to  which  the  motor  and  pumps  are  directly  connected,  is  en- 
closed in  an  inner  casing,  which,  it  is  claimed,  protects  the 
bearings  from  grit  carried  up  by  the  water.  If  large  wells 
were  adopted  in  Suffolk  county,  there  would  be  am])le  space 
for  a  centrifugal  pump  of  this  type,  having  sufficient  capacity 
for  the  praposed  development. 
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THE  TURBINE  PUMP 

A  type  of  pump  of  the  turbine  or  impeller  type  has  been 
proposed  recently.  It  apparently  offers  some  economy  over 
the  centrifugal  pump  and  will  also  deliver  a  larger  volume  of 
water  for  a  given  diameter.  This  pump,  like  the  centrifugal 
pump,  is  placed  in  the  well , below  the  lowest  ground-water 
level ;  the  water  is  drawn  in  and  forced  vertically  upward  by  a 
set  of  rapidly  revolving  vanes  or  impellers,  without  change  of 
direction.  The  Alvord  pump  is  one  of  this  type  and  efficien- 
cies of  43  per  cent,  have  been  obtained.  The  feature  of  this 
pump  is  the  device  for  balancing  the  thrust  by  the  pressure  of 
the  moving  water. 

A  promising  design  for  a  turbine  pump  is  that  submitted 
by  Mr.  Robert  W.  Steed,  Mechanical  Engineer,  which  has 
recently  been  tested  at  the  Babylon  experiment  station.  A 
sketch  of  this  pump  is  shown  on  Sheet  70,  Ace.  L  670.  It 
was  designed  for  a  maximum  yield  of  two  million  gallons 
per  day,  which  proved  to  be  greater  than  the  capacity  of  the 
well  in  which  it  was  tested.  For  a  delivery  of  1.5  million 
gallons  per  day  and  a  speed  of  1200  revolutions  per  minute, 
an  efficiency  of  about  45  per  cent,  was  obtained.  The  well 
yielded  much  sand  during  the  test  because  the  rate  of  pumping 
was  greater  than  that  secured  by  means  of  the  air-lift  with 
which  the  well  was  originally  cleaned  up.  But  for  the  sand 
even  better  results  would  doubtless  have  been  obtained.  The 
sand  cut  the  shaft  bearings,  and  the  clearances  in  the  pump 
and  subsequent  experiments  showed  that  this  reduced  the  effi- 
ciency. Slight  modifications  in  the  design  would  doubtless 
avoid  some  of  this  wear,  and  studies  should  be  made  to  this 
end.  If  the  gravel  filter  about  a  stovepipe  well  were  properly 
cleaned  up  and  all  the  fine  sand  removed  in  the  first  place  by 
heavier  pumping  than  that  of  service  operation,  but  little  sand 
would  afterwards  be  obtained. 

PLUNGER  PUMP 

Some  erit  would  doubtless  be  obtained  from  anv  well  that 
might  be  used  in  Suffolk  county  and  some  wear  would  take 
place  in  the  operation  of  even  the  most  carefully  designed 
pump.  More  depreciation  is  likely  to  occur,  however,  with 
pumps  of  the  centrifugal  or  turbine  type,  because  of  their  high 
speed  of  revolution  and  the  high  velocity  of  the  water  through 
them  than  with  a  pump  that  runs  more  slowly.     It  is  not 
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pleasant  to  speculate  on  the  damage  that  might  occur  to  a 
pump  and  motor  running  at  a  speed  of  1200  to  1500  revolu- 
tions per  minute  should  any  part  of  the  pump  wear  and  loosen, 
and  the  motor  be  allowed  to  run  without  attention  for  several 
hours.  A  pump  that  will  run  at  a  slower  speed  is  certainly 
desirable  and  studies  should  be  made  for  a  large  but  compact 
plunger  pump,  having  a  piston  speed  of,  say,  50  to  75  feet 
per  minute.  Pumps  of  this  type  on  the  market  are  driven 
through  a  train  of  gears  by  an  electric  motor.  For  the  Suf- 
folk County  works  a  pump  of  this  kind  could  be  geared  to  an 
induction  motor  and  the  speed  reduced  as  low  as  desired. 
Even  with  the  losses  incident  to  this  reduction  of  speed,  the 
high  efficiency  of  a  double  acting  plunger  pump  would  prob- 
ably be  sufficient  to  give  a  combined  efficiency  quite  as  high 
as  that  of  the  centrifugal  or  turbine  pumps  direct  connected 
to  a  vertical  motor. 

Pump  Efficiency 

Whatever  type  of  pump  is  adopted  for  the  proposed  de- 
velopment, the  efficiency  should  not  be  less  than  50  per  cent, 
and  this  figure  has  been  adopted  in  the  preliminary  estimates 
on  the  design  and  cost  of  the  pumping  system. 

ESTIMATES   ON   ELECTRICAL   PUMPING   SYSTEM 

BY  HORACE  CARPENTER,  ELECTRICAL  ENGINEER 

The  general  plan  of  the  proposed  electrical  pumping  system 
would  comprise,  a  power-station  located  on  the  water-front 
at  or  near  the  village  of  Patchogue;  the  necessary  transmis- 
sion lines  extending  from  that  station  along  the  proposed 
aqueduct  and  connecting  to  various  substations  from  which  the 
power  would  be  distributed  to  individual  wells,  located  along 
this  line. 

The  location  of  the  substations  proposed  are  shown  on 
Sheet  71,  Ace.  L  671,  and  the  estimated  number  of  wells, 
the  average  and  maximum  yield  and  lift,  and  the  power  re- 
quired for  each  substation  estimated  at  the  engine  shaft  are 
presented  in  Table  26.  These  stations  and  the  sections  they 
operate  are  grouped  into  the  several  successive  developments 
that  are  proposed  for  the  SuflFolk  County  works.  The  loca- 
tions of  the  sections  are  given  in  Table  25,  page  321.  The 
average  yields  given  in  the  first  three  stages  exceed  by   16 
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TABLE    26 

Output  of  Electric  Substatioxs 


Number 

Average 

Rate  of  Operation 

Maximum  Rate  of  Operation 

Supply 

K.W.  Output 

Supply 

K.W.  Output 

OF 

from 

of  Sub- 

from 

of  Sub- 

Wblls 

this 

stations 

this 

stations 

Sec- 

IN 

Section 

Average    with  Total 

Section 

Average    with  Total 

tion 

This 

in 

Lift         Efficiency 

in 

Lift         Efficiency 

No. 

Section 

Million 

in  Feet      Engine  to 
Well  of 

Million 

in  Feet      Engine  to 

Gallons 

Gallons 

Well  of      ' 

Daily 

33.4  per  cent. 

Daily 

33.4  per  cent. 

FIRST  STAGE  OF  DEVELOPMENT  TO  GREAT  RIVER.  14.7  MILES 

8 28      27      27       286       33      41  530 

6 30      24      32       302       35      43  589 

5 35      20      30       236       35      45  619 

3 18       9      35       124       18      46  325 

Total.      Ill               80               SO                 OSO               HI  t.OtO 

ADDITIONAL  DEVELOPMENT  FOR  SECOND  STAGE   TO  SOUTH  HAVEN,  14.8  MILES 

3 16       11       38       164        16      46  290 

2 30       23      38       344       30      51  601 

1 32      21      40       330       30      52  614 

9 30      21      41       338       30      55  648 

10 13       9      43       152       13      56  283 

Total.  181      88      40      1,888      118  8,U8 

ADDITIONAL  DEVELOPMENT  FOR  THIRD  STAGE  TO  QUOGUB,  18.9  MILES 

10 18      13      46       235       18      54  375 

12 30      22      47       406       30      58  685 

13 30      12      49       231       20      60  472 

14 35      12      52       245       20      63  496 

15 35      12      55       260       20      66  520 

Total.   148      71      48      1,877      108  8,848 

ADDITIONAL  DEVELOPMENT  FOR  FOURTH  STAGE  TO  PECONIC  VALLEY,  10.1  MILES 

16 50                30                30                  353                  50                45  H«5 

Transportation  to  Westhampton                       840                  ..                 ..  I.O.jO 

ADDITIONAL  DEVELOPMENT  FOR  FIFTH  AND   LAST  STAGE,  BRANCH  LINES 

Melville  Branch 

6 12                                                       ...                  10               60  197 

7 40                                                       ...                  40             110  1,730 

Total  .88                                                        ...                  60  1,887 

Connetquot  Branch 

3 20                ..                                     ...                  15               60  353 

4 52                                                         ...                  35                90  1,238 

Total.        78                                                        ...                  80  1%81 

Carman's  Branch 

10 25                                                         ...                   18                60  425 

11 54                                    ..                   ...                   32                80  1.020 

« 

Total  .78                                                      ...                 60  1,446 


336  APPENDIX  6 

million  gallons  per  day  the  average  supply  of  250  million  gal- 
lons per  day  that  it  is  proposed  to  appropriate  for  New  York 
City.  The  remainder  might  be  required  for  the  future  supply 
of  the  local  population,  for  industrial  uses  and  for  the  main- 
tenance of  streams  and  ponds,  and  is  therefore  estimated. 

Central  Power-Station 

The  power-station  would  consist  of  the  main  power-house, 
the  auxiliary  coal  storage  and  the  machine-shop  shown  re- 
spectively on  Sheets  75  and  76,  Aces.  5344  and  5295.  All 
buildings  and  foundations  of  this  station  would  be  entirely 
constructed  under  the  first  development  of  the  aqueduct  and 
collecting  works  and  the  coal  storage  and  machine-shop  com- 
pletely equipped.  The  boilers,  engines  and  generators  would 
be  installed  as  required  by  the  various  developments  of  the 
collecting  works  and  aqueduct. 

The  full  boiler-house  equipment,  as  shown  on  Sheet  75, 
Ace.  5344,  would  comprise  five  batteries  of  water-tube  boil- 
ers, four  of  which  would  be  sufficient  to  furnish  the  maxi- 
mum of  required  power,  one  battery  being  at  all  times  held 
in  reserve.  These  boilers  would  be  equipped  with  mechanical 
stokers,  economizers,  feed  pumps  and  an  ash  disposal  system, 
and  storage  would  be  provided  for  about  2500  tons  of  coal 
on  the  second  floor  of  the  boiler  room.  It  is  proposed  to 
locate  the  coal  storage  building  between  the  power-station 
and  the  water-front,  so  that  coal  could  be  brought  to  it  either 
by  barge  or  by  rail.  This  building  would  have  a  capacity  of 
10,000  tons,  and  would  be  equipped  with  a  belt  conveyor 
system  for  delivering  the  coal  to  the  power-house. 

The  engine  room  would  be  ultimately  equipped  with  six 
1,500-K.W.  turbine  engines  direct  connected  to  2200-volt,  60- 
c}^le,  3-phase  generators.  Five  of  these  sets,  with  their  over- 
load capacity,  would  be  capable  of  handling  the  entire  station 
load,  leaving  one  set  in  reserve.  Excitation  for  these  gene- 
rators and  power  for  local  purposes  would  be  furnished  by 
two  direct-current  turbo-generators,  and  one  motor  generator 
set.  The  easterly  end  of  the  power-house  would  be  devoted 
to  offices,  and  the  "  step-up  "  transformers,  lightning  arresters 
and  oil  switches  for  high-voltage  transmission  would  be 
placed  in  the  basement  of  the  westerly  end.  The  condensing 
apparatus  for  the  turbines  would  be  located  in  the  basement 
between  the  two  rows  of  turbines  as  shown. 
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The  machine-shop  could  be  built  adjacent  to  the  main 
power-house  at  any  convenient  point,  and  would  be  so 
equipped  that  all  necessary  repairs  for  the  entire  Suffolk 
County  system  could  bef  done  there. 

The  average  and  maximum  pumpage,  the  probable  maxi- 
mum power  output  and  the  equipment  provided  for  each  stage 
is  as  follows: 


Maximum 

Maximum 

Proposed"  Equip- 

Yield of 

Power 

ment  AT  this  • 

Stage  of 

Collecting 

Required  at 

Stage  Excluding 

Development 

Works 

Engine  Shaft 

Exciters 

Million  Gallons 

K.W. 

K.W. 

1.. 

120 

2.063 

3.000 

2.. 

240 

4.499 

6.000 

3.. 

300 

7.047 

7,500 

4.. 

300 

8,500 

7.500 

5.. 

300 

9.300 

9.000 

The  cost  of  this  equipment  for  the  various  stages  of  de- 
velopment is  estimated  as  follows: 

COST  OF  POWER-STATION 


Totals 


development  1 

Foundations 

Buildings 

Power-house 

Coal  storage 

Machine-shop 

Equipment 

2      f  Boilers,  stack,  economizers,  etc 

sets! Turbines,  generators,  transformers,  etc 

Coal  conveyors 

Machine  tools 


Engineering  and  contingencies — 20  per  cent. . 

development    2 


2   f  Boilers,  economizers,  etc. 
sets  ;, Turbines,  generators,  etc. 


Engineering  and  contingencies 

development  3 


1    (Boilers,  economizers,  etc. 
set  \ Turbines,  generators,  etc. 


Engineering  and  contingencies 

development   4 
development   5 


No  additions. 


1    /Boilers,  economizers,  etc. 
set  \ Turbines,  generators,  etc. 


$64,000 

421.000 

212,000 

25,000 

108.000 

124,000 

55.000 

6,000 

$1,016,000 

203.000 

$1,218,000       $1,S18,000 

1100.000 
115,000 


$216,000 

43,000 


$868,000         1,476,000 

S58.000 
50.000 


$108,000 

22,000 

$130,000 


Engineering  and  contingencies, 


$58,000 
50,000 

$108,000 

22,000 


1,60«,000 
1,606,000 


$130,000       $1,786,000 
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TRANSMISSION    LINE 

The  power  transmission  line  would  be  a  double-circuit, 
3-phase,  22,(XX)-volt  system,  supported  on  reinforced  concrete 
poles,  the  average  spacing  between  poles  being  300  feet. 
Wherever  practicable,  these  poles  would  be  equipped  with 
the  necessary  cross  arms  to  support  the  distribution  and  con- 
trol circuits  from  the  substations.  Those  parts  of  the  dis- 
tribution and  control  circuits  which  require  it,  would  be  sup- 
ported on  lighter  poles  spaced  ISO  feet  apart.  In  making  up 
the  estimates  of  cost  of  this  line,  it  has  been  assumed  that, 
as  each  development  is  made,  the  transmission  line  would  be 
erected  the  entire  distance,  from  the  power-house  to  that  de- 
velopment, at  its  ultimate  capacity  in  cable,  so  that  as  addi- 
tional developments  are  made,  it  w-ould  be  unnecessary  to 
change  the  conductors  of  any  lines  already  erected.  This 
would  naturally  increase  the  cost  of  the  first  and  third  de- 
velopments over  what  that  cost  would  be  if  the  circuits  were 
merely  erected  of  the  capacity  necessary  to  serve  those  de- 
velopments ;  and  it  might  be  advisable  in  the  first  and  perhaps 
in  the  third  development  to  effect  some  economy  in  this  direc- 
tion, if  the  entire  system  were  not  to  be  completed  for  some 
years. 

The  estimated  cost  of  the  transmission  line  is  as  follows: 


Total 


Development  1,  22.1  miles $118,000 

Engineering  and  contingencies 24,000          $142,000          $148,000 

Development  2,  8.5  miles 55,000 

Engineering  and  contingencies 11,000              66,000            808,000 

Development  3.  15.8  miles 94.000 

Engineering  and  contingencies 19,000            118,000            881,000 

Development  4.  6  miles 31,000 

Engineering  and  contingencies C.OOO               87,000             858,000 

Development  5.  10.2  miles 42.000 

Engineering  and  contingencies 8.000               50,000             408,000 


DISTRIBUTION   SYSTEM 

For  the  purpose  of  distribution  it  is  proposed  to  install 
substations  at  points  shown  on  Sheet  71,  Ace.  L  671.  These 
stations  would  be  equipped  with  the  necessary  "  step-down  " 
transformers  to  reduce  the  voltage  from  22,000  to  2,200,  and 
to  distribute  the  power  to  each  of  the  wells  controlled  by  that 
particular  substation,  in   such  a  manner  that  the  motors  at 
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each  well  could  be  started  and  stopped  independently  at  the 
substation.  For  this  purpose,  there  would  be  erected  at  each 
substation  site,  with  the  exception  of  Station  17,  a  building 
equipped  as  shown  on  Sheet  77,  Ace.  5299.  The  building 
and  equipment  for  Station  17  is  shown  on  Sheet  112,  Ace. 
5345.  This  would  be  larger  than  that  of  the  other  stations 
on  account  of  the  installation  of  four  centrifugal  pump  units, 
each  of  14  million  gallons  daily  capacity,  to  pump  the  Pe- 
conic  Valley  supply  against  75-foot  head  over  the  hill  located 
on  that  branch  of  the  aqueduct.  The  cost  of  these  substa^ 
tions  and  the  distribution  system  for  each  development  is 
estimated  as  follows: 


Total 


DEVELOPMENT    1 

4  Substations 942,000 

Substation  equipment 68,000 

111  Pump-houses 89,000 

Pumping  motor  and  accessories 221.000 

Distribution  and  control  circuits 24,000 

$444,000 

Bnsineering  and  contingencies 89,000         $933,000         $333,000 

DEVELOPMENT     2 

4  Substations $42,000 

Substation  equipment 61,000 

121  Pump-houses 97,000 

Pumps,  etc 244,000 

Distribution  and  control  circuits.   19,000 

$433,000 

Engineering  and  contingencies 93,000           336,000        1,033,000 

DEVELOPMENT   3 

4  Substations $42,000 

Substation  equipment 67.000 

148  Pump-houses 119.000 

Pumps,  etc 292,000 

Distribution  and  control  circuits 26.000 

$646,000 

Engineering  and  contingencies 109,000           666,000         1,744,000 

DEVELOPMENT   4 

1  Substation $55,000 

Substation  equipment 50,000 

50  Pump-houses 40,000 

Pumps,  etc 96.000 

Distribution  and  control  circuits 23,000 

$364,000 

Engineering  and  contingencies 53.000           317,000 

Deduct  for  pumps  at  Riverhead.  to  raise 
water  over  the  hill,  which  belong  to  trans- 
portation works 75,000 

242,000         1,986,000 

DEVELOPMENT   5 

3  Substations $32,000 

Substation  equipment 68.000 

203  Pump-houses 165,000 

Pumps,  etc 430.000 

Distribution  and  control  circuits 44,000 

$739,000 

Engineering  and  contingencies 148,000            887,000         2,873,000 
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Well  Equipment 

At  each  well  there  would  be  erected  a  small  pump-house 
equipped  with  induction  motor,  control  board,  and  pump,  as 
shown  on  Sheet  79,  Ace.  5307.  Owing  to  the  variation  in 
the  capacity  of  the  wells  and  in  the  head  against  which  the 
pumps  would  operate,  the  motor  capacities  would  range  from 
IS  to  50  H.P.  each. 

Telephone  System 

A  complete  telephone  system  is  proposed  for  the  entire 
system,  to  facilitate  its  operation.  The  cost  is  estimated  as 
follows : 


Total 


Development  1 $4,200 

Engineering  and  contingencies 800 

Development  2 1,600 

Engineering  and  contingencies 400 

Development  3 3,400 

Engineering  and  contingencies 600 

Development  4 800 

Engineering  and  contingencies 200 

Development  5 2,500 

Engineering  and  contingencies- 500 


$6,000 

$5,000 

S,000 

7,000 

4,000 

11,000 

1,000 

12,000 

$»000 

15,000 

Total  Cost 

The  total  cost  of  the  power-station,  transmission  and  dis- 
tribution, at  each  stage  of  development,  is  presented  in  the 
following  table: 


Stage  op 

DBVBLOP- 
MBNT 


POWBR- 
HOUSB 


Trans- 
mission 

LiNB 


Distribution 
Exclusive 
OF  Wells 


Tele- 
phone 
System 


Totals 

Including 

Allowance 

FOR 

Engineering 

AND 

Contingencies 


1 $1,218,000  $142,000  $533,000  $5,000 

2 1.476.000  208.000  1.089.000  7.000 

3 1.606.000  321.000  1.744.000  11.000 

4 1.606.000  358,000  1.986,000  12,000 

5 1.736,000  408.000  2.873,000  15.000 


$1,89$,000 
1,780,000 
S,$$$,000 
S,9it.000 
5,031,000 


COST    OF    POWER 

For  comparison  with  the  cost  of  operating  the  proposed 
collecting  works  with  other  pumping  systems,  and  for  com- 
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parison  with  the  cost  of  pumping  at  the  existing  stations  of 
the  Ridgewood  system  of  the  Brooklyn  works,  estimates  have 
been  prepared  on  the  cost  of  power  from  the  electrical  sys- 
tem here  proposed,  considering  the  cost  of  labor,  fuel,  sup- 
plies, maintenance,  depreciation  and  an  allowance  for  interest 
and  sinking  fund. 

Cost  of  Labor 

The  estimated  number  of  employees  and  the  annual  pay- 
roll for  each  stage  of  development  are  as  follows : 

DEVELOPMENTS 


Total  Total  Total  Total  Total 

No.  Salaries  No.  Salaries  No.  Salaries  No.  Salaries  No.  Salaries 

Chief  Engineer.  1  $3,000  1  $3,000  1  $3,000  1  $3,000  1  $3,000 
Assistant 

Engineer 1  2.000  1  2.000  1  2.000  1  2.000  1  2.000 

Engineer....  1  2.000  1  2.000  1  2.000  1  2.000  1  2.000 

Station  Chief..  .  3  5.400  3  5.400  3  5.400  3  5.400  3  5,400 
Switchboard 

men 3  3.600  3  3.600  3  3.600  3  3.600  3  3.600 

Machinist 2  2.400  2  2.400  4  4.800  4  4.800  4  4,800 

Machinist's 

helper 1  750  1  750  2  1.500  2  1.500  2  1.500 

Enginemen .  .  .  .  4  4.800  4  4.800  7  8.400  7  8.400  7  8,400 

Oilers 3  2.700  3  2.700  4  3.600  4  3.600  6  5.400 

Blacksmith 1  1.350  1  1.350  1  1.350  1  1.350  1  1,350 

Blacksmith's 

helper 1  900  1  900  1  900 

Carpenter 1  1.350  1  1.350  2  2.700  2  2.700  2  2.700 

Painter 1  1.200  1  1.200  1  1.200  2  2.400  2  2.400 

Line  foreman...  2  2.400  2  2.400  3  3.600  3  3.600  4  4.800 

Linemen 6  5.400  8  7.200  12  10.800  12  10,800  16  14,400 

Water  tenders. .  3  2,700  3  2.700  6  5.400  6  5.400  9  8,100 

Laborers 6  5,400  6  5.400  8  7.200  8  7.200  10  9.000 

SUBSTATIONS 

Operators 9  10.800  15  18.000  18  21,600  21  25.200  21  26.200 

Patrolmen 9  8,103  15  13.500  IS  16.200  21  18,900  21  18.900 

Totals..  .  67  $$B,SSO  71  $79,760  96  $106,110  10$  $111,760  116  $111,860 


In  addition  to  the  above  an  additional  allowance  of  $1,000  per  mile  of  line  has 
been  made  in  final  .summary  of  cost  of  operation  for  labor  on  repairs  and  maintenance 
of  well  system,  which  is  not  included  here. 

Cost  of  Coal 

The  cost  of  power  generation  is  based  on  all  rail  an- 
thracite coal  at  l^atchogue,  at  $5.10  per  long  ton  (tide-water 
coal  should  be  somewhat  cheaper  than  this),  and  a  boiler  and 
engine  duty  of  2.22  pounds  coal  per  brake  horse-power  hour. 
The  combined  efficiency  of  that  part  of  the  system  extending 
from  engine  .shaft  to  water  in  each  well  is  estimated  as  33.4 
per  cent.     The  percentages  of  efficiency  of  the  several  parts 
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of  the  system  on  which  is  based  this  combined  efficiency  are 
shown  below: 


Average 
Operation 
Per  cent. 


Maximum 

pumpagb  of 

System 

Per  cent. 


Generator 

Transformers 

Transmission 

Distribution 

Motors 

Pump 

Combined  efficiency 


92 
97 
92 
95 
90 
47.6 

SS.4 


92 
97 
91 
92 
90 
50 

tS.4 


The  amount  and  cost  of  coal  required  for  the  average 
pumping  on  each  development,  including  water  for  all  local 
uses,  is  estimated  as  follows: 


Development 


Average 
Pumpage 
Million 
Gallons 
Daily 


Amount  of 

Coal  in 

Long  Tons 

2240  Pounds 


Cost  of 

This  Coal 

AT  S5.10 

Per  Ton 


1 80 

2 166 

3 236 

4 266 

5 266 


11.000 

26.250 

42.250 

58.500* 

60,500* 


$56,000 
134.000 
216.000 
300.000 
310.000** 


*A  consumption  of  10.000  tons  of  coal  at  the  central  power-station  is  estimated 
for  pumping  the  Peconic  Valley  supply  over  the  hill  to  Westhampton.  This  is  charged 
to  transportation  and  is  not  included  here 

**Estimate  assumes  that  branch  lines  would  on  the  average  be  operated  only 
one  year  in  ten 

Maintenance  and  Supply 

The  yearly  maintenance  and  supply  expense  for  each  de- 
velopment is  taken  as  one  per  cent,  of  the  total  cost  of  that 
development. 

ExtRx\ordinary  Repairs  and  Depreciation 

The  depreciation  of  the  system  is  computed  in  detail  in 
the  final  summaries  of  cost  of  the  works.  The  percentage 
allowances  made  on  each  portion  of  the  works  are  as  follows : 
buildings,  two  per  cent,  a  year;  equipment,  3.5  per  cent,  a 
vear. 

Taxes 

An  assessment  of  one  per  cent,  each  year  is  allowed  on  all 
land,  and  1.5  per  cent,  on  all  structures  above  ground. 
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Total   Cost  of  Operation 

In  Table  27,  the  several  items  of  operating  expense,  which 
have  been  estimated  above,  are  tabulated,  and  the  fixed 
charges  on  the  cost  of  the  works  computed.  From  the  total 
annual  expenditures  the  cost  for  each  million  gallons  pumped 
has  been  estimated  and  then  the  average  cost  per  million  foot- 
gallons.  These  costs  include  all  buildings  and  equipment, 
but  no  land  or  water  damages. 

Evidently  the  pumping  of  the  proposed  Suffolk  County 
supply  by  this  system  would  cost  from  $8  to  $10  per  million 
gallons,  and  the  cost  per  million-gallon  foot  would  range 
from  20  cents  to  33  cents.  The  cost  per  million  foot-gallons  on 
the  basis  of  operating  expenses  alone  without  depreciation 
would  be  only  11  cents  to  16  cents. 

Basis  of  Estimates  of  Cost 

The  details  and  unit  prices  adopted  for  the  above  trans- 
mission and  distribution  lines  are  as  follows: 

Transmission  Line 


COST  PER  MILE  OF  POLE  LINE 

18  reinforced  concrete  poles  at  $140.00 $2,520.00 

108  2.500-V  Insulators "  .60 64.80 

108  pins **  .40 43.20 

Stringing  cables 275.00        $S,908.00 

COST   PER   MILE   OF   DOUBLE   CIRCUIT 

20,400  pounds  No.  0000  copper  cable  at  $0.17^^ 3.580.00 

16.200        '*       No.  000         .17^ 2.820.00 

12,700        "       No.  00            .174 2.240.00 

10.100        ••       No.  0             AIM 1.770.00 

8.000        "       No.  1              .\m 1.360.00 

4.000        "       No.  4              '*           "      "        .174 700.00 

MILES  OF  LINE  ERECTED  UNDER  BACH  DEVELOPMENT 

[9.7  miles  No.  0000  cable 

Development  1 {9.3      *'      No.  0 

[3.1      "      No.  4 

2 8.5      "      No.  0000 


f  7.6      "      No.  0000     " 

3 {4         "      No.  000 

4.2      '*      No.  00 

4 6         "      No.  00 

f  3         "      No.  0 

5 \  .3.4      "      No    1 

13.8      ••      No.  4 

COST   PER   MILE    OF   DOUBLE    CIRCUIT 

950  pounds  No.  8  Monnot  wire  at  $0  14  ^ $138.00 

72  insulators  and  pins  "     .04      2.80 

Erection 50.00  190.80 

PUMP-HOUSES 

44.2  cubic  yards  concrete  at  $15 $663.00 

1  Manhole  cover 100.00 

Door  and  incidental  fittings 45.00  808.00 
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PUMP-HOUSE    EQUIPMENT 

Pump,  casing  and  shaft,  bearing  and  elbow  complete..  800.00 

13-foot  6-inch  pipe 12.00 

1  meter 375.00 

1  stop  valve 20.00 

1  gate 40.00 

Installation,  wiring  and  incidentals 200.00           1,447.00 

FOR   MOTORS   AND    CONTROL    ADD: 

50-H.P.  motors $900.00 

35    "           "       750.00 

20  and  25-H.P.  motors 575.00 

10    ••     15     "           "       475.00 


Distribution  Line 


COST  OF  POLE  LINES  PER  MILE 

40  reinforced  concrete  poles  at  $35 $1,400.00           1,400.00 

COST   OF   DOUBLE    CIRCUIT    PER   MILE 

3,200  pounds  No.  5  copper  wire  at  $0.16H $528.00 

108  insulators  and  pins 10.00 

Erection 150.00             688.00 

AVERAGE  COST    OF    CONTROL    CIRCUIT    PER    MILE  PER    WIRE 

105  pounds  No.  12  copper  wire  at  $0.16  f< $17.00 

18  insulators  and  pins 3.00 

Erection 13.00                SS.OO 


Engineering  and  Contingencies 


To  the  above  prices  there  has  been  20  per  cent,  added  for  engineering  and 
contingencies. 


AIR-LIFT    SYSTEM 

For  comparison  with  the  estimates  on  a  system  of  elec- 
trically driven  pumps,  made  by  Mr.  Carpenter,  a  brief  study 
has  been  made  of  an  air-lift  system  operated  from  compressor 
stations  at  intervals  of  8  to  10  miles  along  the  proposed  aque- 
duct. There  is  little  to  guide  one  in  designing  an  air-lift  sys- 
tem for  works  of  the  magnitude  of  those  proposed  in  Suffolk 
county:  the  preliminary  studies  do  not  encourage  a  more 
extended  investigation.  It  is  believed  that  the  preliminary 
designs,  on  which  these  estimates  of  cost  herewith  given  are 
based,  arc,  on  the  whole,  reasonable  and  that  the  results  are 
sufficiently  accurate  for  present  purposes. 

Compressor  Stations 

The  location  of  the  proposed  compressor  stations  are 
shown  on  Sheet  72,  Ace.  L  621.  Seven  .stations  are  laid  out. 
Stations  1  to  4  would  be  located  on  the  Montauk  division  of 
the  Long  Island  railroad,  where  coal  could  readily  be  deliv- 
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TABLE    27 

Cost  of  Operatiox 


Development 
Item • 


1  2  3 


Total  cost  of  works  at 
each  stage  of  develop- 
ment  $1.H9S.00()    f2.7W).(K)0     $3,682,000    $3.9«2.000    $5.032.(K)0 

Average  daily  pumpapc. 
million  K^Hons.  includ- 
ing water  for  local  uses.  80  165  236  266  266 

Total     annual     vicld     of 

works  in  million  gallons  29.200  60.225  86.140  97.090  97.090 

ASNl'Al     CHARGES    ON    WORKS 

Operating 

Xabor $65,350  $79,750        $105.2.50        $1 12.750        $123,950 

Coal 56.000  134.000  216.000  300.000  310.000 

Maintenance  and  Sup- 
plies   18.980  27.800  36.820  39.620  50.320 

Total  operating  cost,  ex- 
clusive of  depreciation        $140,810        $S41»$80        $SBa»070        $40t,$TO        $4S4,S70 

Ejctraordinarv  repairs  and 

depreciation 47.980  78.490  110.560  120.660  161.090 

Total  cost  of  operation..      $188,810        $880,040        $4$8,U0        $878,080        $$48,8$0 

Cost     of     pumping     per 

million  fo>L-Kallons...  0.2121  0.1518  0.1384  0.1545  0.1621 

Fixed  Charges 

Taxes  and  special  as- 
sessments              $11,720  $12,920  $14,520  $15,220  $16,140 

Interest  at  4  per  cent..  75.920  111,200  147.280  158.480  201.280 

Sinking    fund.     3     per 

cent.,  in  50yeirs...  16.840  24.660  32,660  35.140  44.630 

Total  fixed  charges $104,480        $148,780        8194,480        $808,840        $888,080 

Total    annual    expenses. 

fixed  charges  and  oper-  _  _  ^  ^ 

ating  cost    .  .      $898,7»0        $488,880        $888,090        $781,870        $907,410 

Cost  per  million  vrallons..  $10.02  $7.78  $7.70  $S.06  $9..'^-> 

Average  lift  in  feet 30.4  35.0  39.4  38.2  41.0 

Cost   per  million   gallons  ^    ^    . 

raised  one  foot $0,330  $0,223  $0,196  $0.21 1  $0,228 
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ered  to  them,  and  Stations  5  to  7,  for  the  same  reason,  would 
be  placed  near  the  Main  line  of  this  railroad. 

Stations  1,  2  and  3  would  be  near  the  junctions  of  the 
branch  lines ;  the  first  two  could  furnish  air  for  the  lower  por- 
tions of  the  Melville  and  Connetquot  branches;  the  last  sta- 
tion, 3.  might  operate  the  entire  Carman's  branch,  as  well  as 
the  wells  either  side  of  these  stations  on  the  main  line.  Sta- 
tion. 4  would  provide  power  for  the  easterly  portion  of  the 
main  line,  and  Station  5  the  collecting  works  in  the  Peconic 
valley.  At  the  latter  station,  there  would  also  be  an  equip- 
ment of  centrifugal  pumps  for  lifting  the  Peconic  Valley 
supply  over  the  hill  to  the  south  shore  aqueduct.  Stations  6 
and  7  are  proposed  on  the  upper  portions  of  the  Melville 
and  Connetquot  branches  respectively,  where  the  lifts  are 
higher  and  the  air  pressures  greater  than  on  the  westerly 
portion  of  the  main  line. 

P'or  purposes  of  estimate,  a  compressor  unit  of  500  H.P. 
has  been  assumed  for  these  stations.  This  is  larger  than 
commonly  used  in  this  country,  but  the  proposed  stations 
would  be  large  permanent  plants,  not  temporary  construction 
works,  nor  small  stations  in  which  air-compressors  are  ordi- 
narily installed.  One  compressor  unit  over  and  above  the 
ecpiipment  for  maximum  capacity  has  been  added  at  each 
station  for  reserve. 

The  total  length  for  collecting  works  operated  from  each 
of  these  compressor  stations,  the  maximum  pumpage  and  lift 
and  the  total  horse-power  of  the  ecjuipment  at  each  station, 
are  presented  in  Table  28. 

POWKR    TrANSMISSIOX 

From  each  compressor  station  on  the  main  line  it  is  pro- 
ix)sed  to  lay  two  parallel  air  mains  to  the  wells  on  either  side, 
each  of  which  would  carry  sufficient  air  with  a  station  pressure 
of  60  pounds  per  square  inch  to  operate  the  wells  in  the  sec- 
tion served  at  their  average  rate  of  pumi)age.  Ordinarily  only 
one  of  these  two  parallel  pipes  would  be  in  active  use;  the 
other  would  be  under  greater  pressure  for  the  purpose  of 
starting  a  well  or  in  order  to  pump  a  few  of  them  somewhat 
deeper  than  others.  The  second  would,  therefore,  be  in  re- 
serve and  could  be  used  when  rej)airs  were  being  made  to  the 
other.  By  raising  the  pressure  in  both  lines,  sufficient  air 
could  be  deHvered  to  the  wells  of  anv  section  for  the  maximum 
[)umpage. 
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TABLE    28 

AiR-LiFT  Equipment 


Total 
Volume  Re- 
Total      Maximum                       quired  of  Corres- 
Station      Length     Yield  in    Maximum  Free  Air  in  ponding 
OR               OF          Million      Lift  in     Cubic  Feet  Horse- 
Section      Section     Gallons        Feet       per  Minute  power 
Number    in  Miles      Daily                            at  Each  at  Each 

Successive  Stage 
Stage 


Total 
Horse- 
power of 
Equipment 
Including 
Reserve 


first  stage.  NASSAU  COUNTY  TO  GREAT  RIVER 

1 12.48      103       43      26,500  3.560  4,000 

2 2.22      18       46       4.750  640  1,500 

Total .  .  .   14.70      191       44      81,SS0  4,t00  9,600 

additional     SECOND     STAGE,     GREAT     RIVER    TO  SOUTH     HAVEN 

2 13.56              106                  51               29.810  4,000  4.000 

3 1.28                13                  56                 3.990  550  1.500 

Additional.        14.84             119                 59              88,800  4,650  6,600 

ADDITIONAL    THIRD     STAGE,     SOUTH     HAVEN  TO    QUOGUE 

3 9.53               68                 57              20.320  2.750  2,500 

4 9.36                40                  64               12,640  1,750  2,500 

Additional.        18.89             108                 80              89,960  4,500  6,000 

ADDITIONAL  FOURTH  STAGE,  PECONIC  VALLEY  BRANCH 

5 4.28      50       45      13,200  1.800  2.500 

ADDITIONAL   tiFTH     STAGE,     BRANCH     LINES 

6 6.63               40               110              16.400  3,000  3.600 

7 7.96               36                 90              13,120  2,400  3.000 

3 9.37               32                 80              11.400  2,100  3,000 

Additional.        98.95             107                 90              40,990  7,900  9,600 

Total .  . .        79  66             ...                ...            169,180  99,560  98,000 
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The  air  mains  on  the  branch  lines  would  likewise  be  in 
duplicate,  but  each  would  be  sufficient  for  the  maximum  pump- 
age  of  the  system.  The  two  mains  would  be  placed  in  one 
trench  well  below  the  frost  line  to  avoid  freezing.  The  air 
mains  have  been  designed  on  the  usual  formulae  for  flow  of 
air  in  pipes.  In  no  case  would  a  velocity  of  30  feet  per  sec- 
ond be  exceeded,  and  the  average  delivery  of  the  system 
would  not  require  a  greater  velocity  than  20  feet  per  second. 
The  greatest  distance  over  which  air  would  be  transmitted  in 
these  estimates  is  about  eight  miles,  which  is  well  within  the 
distances  used  in  natural  gas  practice.  No  allowance  has  been 
made  in  the  estimates  for  loss  of  air  in  transmission ;  expe- 
rience in  the  natural  gas  fields  in  western  Pennsylvania 
indicates  that  the  loss  of  gas  through  the  leakage  of  the  high- 
pressure  lines  is  very  small  when  the  pipes  are  properly  laid. 

The  number  of  wells  is  estimated  as  in  electrically  operated 
pumping  system,  page  335. 

Pumping  Units 

On  Sheet  73,  Ace.  L  622,  is  a  study  of  a  pumping  unit  for 
a  large  stovepipe  well.  This  shows  the  arrangement  proposed 
for  the  casing,  the  air  mains,  valves  and  connections,  also  the 
chamber  for  removing  the  air  discharged  with  the  water,  the 
enclosing  manhole  and  the  connections  to  the  aqueduct. 

It  should  be  noted  that  except  for  the  valves  and  the 
meter,  there  are  no  moving  parts  in  this  unit  to  get  out  of 
order,  and  that  the  depreciation  would,  consequently,  be  small. 
The  manhole  covers  should  be  water-tight  at  the  ground  line 
and  arranged  so  as  to  be  securely  locked.  The  ventilator  is 
necessary  to  permit  the  air  from  separating  chamber  to  escape 
to  the  atmosphere. 


Cost  of  Pumping  System 

The  total  cost  of  an  air-lift  system  for  each  stage  of  de- 
velopment is  given  in  the  table  below: 


Development 

Estimated 
Cost 

Allowance  for 
Engineering 

AND 

Contingencies 
20  Per  cent. 

Additional 

FOR   THIS 

Development 


1 $790,060 

2 926,860 

3 816,210 

4 444.480 

5 1.619.060 


$150,212 

185.372 

163.242 

88.896 

323.812 


$1,112,232 

979.452 

533.376 

1.942.872 


Totals 


$955,272 
2,067.504 
3.046.956 
3.580.332 
5.523.204 
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Cost  of  Operating  Works 

The  annual  expenditures  on  the  air-lift  pumping  system, 
on  the  completion  of  the  fourth  stage  of  development,  are 
estimated  in  the  table  below.  The  operating  cost  is  based  on 
the  proposed  average  delivery  of  the  works  of  266  million  gal- 
lons per  day,  on  an  average  lift  of  40  feet,  which  would  re- 
quire 9.000  H.  P.  at  the  compressors,  a  slightly  greater 
lift  than  the  average  for  the  electrical  system,  to  allow  for 
head  lost  in  separating  air  and  water  before  the  discharge  into 
the  aqueduct. 

COST  OP  OPERATION  AT  FOURTH  STAGE  OP  OPERATION 


OPERATING 

Power  cost.  9,000  x  $65 $585,000 

Line  cost,  estimated  52.7  miles  x  $1.000 52,700 

Extraordinary  repairs  and  depreciation 132,400 

Total $770,100 

Cost  per  million  foot -gallons $0.20 

FIXED   CHARGES 

Interest  on  $3,580,332  at  4  per  cent $143,200 

Sinking  fund.  50  years,  at  3  per  cent.  (0.887  per  cent,  per  year), 

on  $3.580,332 31.800 

Taxes  and  special  assessments 6.270 

Total  fixed  charges $178,900 

Total  annual  expenditures,  fixed  charges  and  operating 

expenses $049,000 

Total  cost  per  million  gallons  f365  x  266  =  $97,090) $9.78 

Total  cost  per  million  foot-gallons  on  average  lift  of  40 

feet 25 


Basis  of  Estimates 

There  is  little  published  data  on  the  efficiency  of  the  air- 
lift system,  and  much  of  the  experiments  available  have  been 
made  on  smaller  wells  than  those  proposed  for  the  Suffolk 
County  works.  On  Sheet  74,  Ace.  L  672,  is  plotted  the  results 
of  some  experiments  on  the  amount  of  air  necessary  to  pump 
a  gallon  of  water  one  foot  high.  The  curve  taken  from  a 
published  pamphlet  of  the  Bacon  Air  Lift  Company  appears 
to  be  reasonable  in  view  of  the  results  obtained  by  this  Board 
at  the  Babylon  experiment  station.  It  should  be  noted,  how- 
ever, that  the  quantities  of  air  per  minute  in  this  diagram 
corresponding  to  a  gallon  of  water  represent  the  results  ob- 
tained by  the  best  regulation  of  the  air  supply,  and  equally 
good  results  are  not  given  by  other  authorities.  The  efficiency 
naturally  falls  off  when  a  greater  air  pressure  than  that  for 
the  best  efficiency  is  used.  This  is  most  important,  because  it 
would  hardly  be  possible  in  a  system  comprising  a  large  num- 


352  APPENDIX  6 

ber  of  wells  of  different  depths,  extending  four  to  five  miles 
either  side  of  a  compressor  station,  to  regulate  the  pressure 
at  all  wells  so  as  to  secure  'the  best  economy.  A  higher  pres- 
sure than  that  corresponding  to  the  best  economy  would  prob- 
ably be  maintained  in  order  to  avoid  interruption  in  pump- 
ing through  momentary  reductions  in  pressure. 

For  these  estimates,  a  line  has  been  assumed  on  this  dia- 
gram more  in  agreement  with  other  experiments.  This  line, 
which  happens  to  fall  on  the  Alameda  observations,  is  20  per 
cent,  in  excess  of  the  Bacon  air-lift  curve;  this  margin  is  pro- 
vided in  order  to  secure  a  reasonably  safe  basis  for  the  esti- 
mation of  the  actual  amount  of  free  air  that  would  be  neces- 
sary in  practical  operation  of  a  large  plant. 

Efficiency  of  Air  Lift 

Neglecting  for  the  moment  the  losses  that  occur  in  the 
mains  and  in  the  control  valves,  it  is  of  interest  to  see  what 
power  is  required  to  compress  the  amount  of  air  shown  in 
this  curve  as  necessary  to  lift  one  gallon  of  water  per  minute 
through  a  hight  of  40  feet  (=0.36  cubic  foot  per  minute), 
assuming  submergence  of  1.5  times  the  lift,  or  60  feet,  and  to 
compare  this  with  theoretic  power. 

To  compress  one  cubic  foot  of  free  air  adiabatically  to  the 

pressure  corresponding  to  this  submergence,  26  pounds  per 

square  inch  require  0.0763  H.  P.  and  0.36  cubic  foot  requires 

0.0274  H.  P.  The  theoretic  powe'r  necessary  to  raise  one  gallon 

0.0101 

of  water  40  feet  is  0.0101  H.  P.  and  the  efficiency  is 

^       0.0274 

=  37  per  cent.     If  it  requires  2.5  pounds  of  coal  for  1-H.  P. 

hour,  the  duty  of  air  lift  on  the  above  basis  would  be  29,000,000 

foot-pounds  per  100  pounds  of  coal. 

This  efficiency  is  probably   seldom  exceeded  in  practice. 

*  The  best  efficiency  of  any  air-lift  system  in  the  vicinity  of 

Los  Angeles  was  placed,  when  first  installed,  at  35  per  cent. 

and  most  plants  run  at  more  nearly  25  per  cent,  efficiency. 

The  air-lift  plant  at  one  of  the  ground-water  stations  in  the 

Borough  of  Queens  gave  a  duty  of  30,000,000  foot-pounds 

per  100  pounds  of  coal  when  first  tested,  but  is  now  running 

at  duty  of  about  20,000,000  foot-pounds,  which  corresponds 

to  an  efficiency  of  20  to  25  per  cent. 
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The  total  efficiency  of  the  system  estimated  in  this  report, 
with  all  the  losses  in  the  transmission  and  distribution  of  the 
air,  is  about  20  per  cent.,  and  considering  the  difference  in 
conditions  of  yield  and  lift  in  wells  on  a  line  of  four  miles  in 
length,  there  is  small  chance  of  a  larger  efficiency  than  this. 

COMPARISON  BETWEEN  THE  ELECTRICAL  PUMP- 
ING SYSTEM  AND  THE  AIR-LIFT  SYSTEM 

The  total  cost  of  the  air-lift  system  estimated  here 
is  somewhat  less  than  that  of  the  electrical  pumping 
system,  but  the  lower  efficiency  of  the  air-lift  makes  the  total 
operating  cost  of  this  system  the  larger.  The  comparison  of 
the  annual  charges  on  the  two  systems  at  the  completion  of 
the  fourth  stage  of  development  is  as  follows: 


Total 

Corre-       Total  Cost 

Cost 

sponding     of  Pumping 

Total 

Total 

OF 

Total       per  Million 

Pumping 

Operating 

Fixed 

Annual 

Water 

Cost  of  Foot-Gallons 

System 

Expenses 

Charges 

Expendi- 

PER 

Pumping       exclusive 

• 

tures 

Million 

per  Million    of  Fixed 

# 

Gallons  Foot-Gallons  Charges 

Electrical... 

$573,030 

S208.840 

$781,870 

$8.06 

$0,211              $0,155 

Air-lift 

770.100 

178.900 

049.000 

9.78 

0.25                  0.20 

The  operation  of  the  air-lift  system,  therefore,  would  be 
20  per  cent,  more  expensive  than  the  electric  pumping  sys- 
tem. 

The  air  lift  would  perhaps  have  one  advantage  in  aerating 
the  supply  at  each  well,  should  it  be  necessary  to  filter  any 
portion  of  the  Suffolk  County  water.  It  does  not,  however, 
appear  necessary  to  treat  these  waters,  as  there  is  not  at 
present  sufficient  iron  in  the  supply  as  a  whole. 

Possibly  a  higher  efficiency  could  be  secured  with  the  air- 
lift system  than  estimated  in  this  report,  and  perhaps  a  more 
economical  arrangement  of  compressor  stations  and  well  units 
could  be  made,  but  there  is  no  warrant  in  the  data  now  avail- 
able to  increase  the  estimates  on  efficiency  that  have  been 
adopted.  There  is,  however,  every  possibility  that  a  better 
efficiency  may  be  obtained  with  some  centrifugal  or  plunger 
pump  that  would  perhaps  make  the  total  continued  efficiency 
of  tlie  electrical  system  at  least  40  per  cent,  instead  of  33  per 
cent,  as  estimated. 
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APPENDIX   7 

UTILIZATION    OF    FLOOD    FLOWS    OF    SURFACE 

STREAMS 

BY  WALTER  E.  SPEAR,  DIVISION   ENGINEER 

Sheets  8,  9  and  10,  Aces.  L  609,  L  610  and  L  611,  show 
that  the  flow  in  the  smaller  Suffolk  County  streams,  is  fairly 
constant  throughout  the  year;  those  which  have  an  average 
discharge  on  the  proposed  line  of  collecting  works  of  not 
more  than  four  million  gallons  per  day  might  in  course  of  time 
entirely  disappear  on  the  line  of  the  works  for  most  of  the  year 
through  the  pumping  of  the  wells  designed  to  intercept  the 
ground- waters,  just  as  small  watercourses  in  Nassau  and 
Queens  counties  have  been  dried  up  through  the  operation  of 
the  wells  and  galleries  of  the  Brooklyn  works.  There  would, 
therefore,  be  but  little  loss  of  surface-water  in  these  smaller 
streams,  and  infrequent  flood  flows  that  occur  in  them  when 
the  ground  surface  is  frozen  could  be  profitably  wasted. 

It  should  be  realized  that  the  location  of  the  proposed  col- 
lecting works  well  back  from  the  shore,  crosses  the  smaller 
streams  where  much  of  the  flow  that  appears  in  their  lower 
courses  is  still  in  the  ground  beneath  them.  Table  5,  page  113, 
shows  that  all  these  smaller  streams,  with  the  exception  of 
Sampawams  creek  had,  in  1907,  average  flows  from  one  to 
four  million  gallons  per  day,  and  the  maximum  discharges  for 
short  periods  were  but  little  in  excess  of  these  figures.  Such 
portions  of  the  flow  of  these  streams  that  are  not  intercepted 
would  serve  to  maintain  the  ponds  below  and  would  thus  avoid 
the  expense  of  pumping  to  keep  these  filled  if  this  became  nec- 
essary. The  amount  of  water  lost  by  failure  to  intercept  all 
this  surface-water  would  be  comparatively  insignificant. 

In  the  larger  streams,  Carll's  river,  Connetquot  brook, 
Patcliogue  river,  Carman's  river  and  Peconic  river,  the  flow 
is  less  uniform  than  in  the  smaller  streams;  large  discharges 
take  place  in  the  winter  and  spring  months  that  could  not  be 
collected  by  the  works  planned  to  intercept  the  ground-water 
underflow,  although  the  collecting  works  of  the  branch  aque- 
ducts that  parallel  all  these  streams  except  the  Patchogue 
river  could  readily  secure  most  of  their  dry  weather  flow, 
if  it  were  permissible  to  do  so.     The  flood  flows  of  these 
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larger  streams  over  and  above  the  amount  necessary  to  main- 
tain the  pond  levels  on  these  watercourses,  or  the  amount  of 
water  in  excess  of  the  utilized  discharge  of  these  streams,  are 
of  no  value  to  Suffolk  county,  and  should  so  far  as  possible 
be  appropriated  and  delivered  to  New  York  City. 

AMOUNT  OF  SURFACE  WASTE 

The  amount  of  surface-water  that  might  have  been  appro- 
priated during  the  year  1907  from  the  streams  on  the  pro- 
posed line  of  the  collecting  works  is  shown  below.  The  rain- 
fall last  year,  in  southern  Suffolk  county  was  but  little  below 
the  normal,  and  these  flows  give  a  fair  idea  of  what  may  be 
safely  expected  in  an  average  rainfall  year. 


Discharge  of  Stream 
IN  1907  ON  Line  of  Probable 

Collecting  Works  Average  Probaui.b 

_  Surface  Waste     Undeveloped 


Normal  After            Surface- Water 

Average     Maxi-        Low  Providing  5  Available 

in  mum     Summer  Million  Gallons  after  Ground- 

Million    Million      Flow  Daily  for  Water  Works 

Gallon?    Gallons    Million  Ponds  and  in  Operation 

psr  day     Daily     Gallons  Local  Needs 

Daily 

Carirs  river 17.20         32              10  10  6 

Connetquot  brook 32.70         42             25  25  20 

Patchogue  river 9.43         16*             8**  5  3 

Carman's  river 36.20*       50*           20  23  22 

Peconic  river 14.65         27               6  10  0 

Total 110.18       1««             M  76  80 


♦Estimated  from  incomplete  gagings 
**Half  of  waters  of  Patchogue  river  owned  by  Patchogue  lace-mill  and  the  flow 
in  next  column  allowed  for  their  uses 

On  the  basis  of  the  gagings  of  1907,  a  total  average  dis- 
charge of  75  million  gallons  per  day  could  have  been  taken 
from  these  streams  without  damage  to  local  interests.  Prob- 
ably, 25  million  gallons  or  more  per  day  could  be  obtained  by 
the  ground-water  pumping  works  of  the  main  line  and 
branches,  leaving  50  million  gallons  in  the  streams  to  be  se- 
cured by  special  works.  This  undeveloped  run-off,  during 
an  average  rainfall  year,  would  be  equivalent  to  a  discharge 
of  150,000  gallons  per  day  per  square  mile  from  the  whole 
watershed.  Even  during  the  long  periods  of  low  rainfall, 
probably  as  much  as  75.000  to  100,000  gallons  per  day  per 
square  mile  would  be  lost,  unless  works  were  built  to  utilize 
it.  The  safe  unit  yield  of  the  Suffolk  County  watersheds  is 
not  estimated  at  more  than  800,000  gallons  per  day  per  square 


362  APPENDIX  7 

mile,  so  that  this  surface  waste,  amounting  to,  perhaps,  one 
to  two-tenths  of  the  assumed  unit  yield,  is  too  large  a  per- 
centage to  be  neglected. 

The  development  of  these  waste  surface-waters  during 
the  winter  and  spring  months,  when  the  percolation  from  the 
rainfall  is  high,  would  allow  the  pumpage  from  the  remainder 
of  the  collecting  works  to  be  diminished  and  the  ground-water 
reservoirs  replenished  for  the  draft  of  the  dry  months  of 
summer  and  fall. 

PURIFICATION    OF    SURFACE-WATERS 

Even  though  many  portions  of  the  Suffolk  County  drain- 
age areas  are  now  but  sparsely  populated,  it  would]  be  very 
unwise,  in  view  of  the  pollution  of  many  of  the  surface- 
waters  of  the  Ridgewood  system  in  Queens  and  Nassau  coun- 
ties, to  permit  any  surface-water  to  enter  the  proposed  aque- 
duct without  purification.  This  purification  could  be  most 
cheaply  and  surely  effected  by  the  process  of  natural  filtra- 
tion through  the  bottoms  of  reservoirs  or  filtration  basins, 
which  would  be  created  on  these  larger  streams,  and  about 
which  wells  would  be  driven  to  deliver  the  surface-water  to 
the  aqueduct  as  *'  artificial  ground-water."  These  infiltration 
basins  would  have  sufficient  storage  capacity  to  impound  the 
largest  flood  discharges  until  they  could  be  purified. 

Ground-Water  Plants  Near  Surface  Streams 

Such  a  development  of  surface-water  is  common  in  this 
country  and  abroad;  in  fact,  the  infiltration  galleries  below 
the  Wantagh  and  Massapequa  supply  ponds  of  the  lirooklyn 
works,  secure  a  portion  of  their  supply  through  the  bottom 
and  sides  of  the  ponds  above  them,  and  several  driven-well 
stations  of  the  same  system  derive  some  surface-water  from 
similar  sources. 

Many  of  the  so-called  ground-water  plants  in  Germany, 
which  are  located  near  ponds  and  streams,  secure  a  part  of 
their  supply  from  these  surface-waters.  This  is  true  of  the 
works  at  Berlin  (Tegeler  See),  Charlottenburg  (Wannsee'), 
Dresden,  Augsburg,  Wiesbaden,  Hanover  and  elsewhere.  The 
experience  gained  at  these  German  works  is  most  helpful  in 
designing  the  proposed  infiltration  basins  for  the  Suffolk 
Countv  works.    In  the  table  following  is  shown  some  in  forma- 
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tion    regarding    seven    representative    German    ground-water 
plants  that  draw  their  supply  in  part  from  surface-waters. 


Distance 
FROM  Wells 

Depth 
OF  Soil 

Dbpth  of 
Screen 

Location 

Name 

Charac- 

OR Galler- 

Above 

Section 

City 

OF 

of 

ter  OF 

ies  TO  Edge 

Screen 

Below 

Works 

Stream 

Develop- 

OF Water  at  of  Wells 

Normal 

ment 

Ordinary 

River  Stage 

Feet 

OR  Gal- 
leries 
Feet 

Level  of 

Stream 

Feet 

Dresden. .  . . 

.  Saloppe 

Elbe... 

Gallery.  . .  . 

45 

15 

7 

Dresden. .  . . 

.  Tolkewitz. . . 

Elbe . .  . 

Wells 

258 

28 

15 

Augsburg. . . 

.  Hoch  Ablass. 

Lech . . . 

Wells 

400 

•   ■ 

•    • 

Wiesbaden. . 

.  Schierstein.  . 

Rhine .  . 

Wells 

350 

35 

18 

Hanover 

.  Ricklingen. . 

Ihme. . . 

Wells  and 

gallery . .  . 

150 

10 

,    , 

Hanover.  .  . 

.  Grasdorf . . .  . 

Leine. . . 

Wells 

650 

20 

*    • 

Unna 

.  Langschede . 

Rohr.  . . 

Wells 

100 

16 

5 

It  is  important  to  note  that  at  the  Saloppe  works  of  Dres- 
den, the  Ricklingen  works  of  Hanover,  and  at  Wiesbaden,  the 
bacteria  run  very  high  in  the  ground-water,  when  the  rivers 
flood  the  surface  of  the  ground  above  the  collecting  works, 
but  sufficient  purification  is  obtained  at  other  times  at  these 
plants  by  the  passage  of  the  water  through  the  alluvium  be- 
tween the  river  and  the  galleries  or  wells.  No  similar  trouble, 
so  far  as  known,  has  been  experienced  at  the  other  plants 
given  here. 

At  Wiesbaden,  there  are  other  wells  than  those  tabulated 
above  that  supply  water  for  street  sprinkling.  Some  of  these 
are  not  over  50  feet  from  the  Rhine  and  the  purification  is  not 
complete  at  even  normal  stages  of  the  river.  The  distance  of 
350  feet  at  which  the  other  wells  are  placed  is,  however,  suffi- 
cient except  in  flood  times,  although  the  material  of  the  sub- 
strata appeared  to  be  coarse. 

Artificial  Ground- Water 

The  subject  of  "  artificial  ground- water  "  has  been  given 
much  attention  abroad.  In  each  one  of  the  German  works 
mentioned  above,  the  development  of  surface-water  was  more 
or  less  incidental  in  a  general  scheme  for  intercepting  the 
ground-water  flow  towards  the  natural  watercourse ;  but  there 
are  many  plants  in  Europe,  particularly  in  Sweden,  where  arti- 
ficial ground-water  is  obtained  in  the  absence  of  any  naturally 
saturated  strata,  by  pumping  or  diverting  surface-water  to  a 
bed  of  sand  and  gravel  and  intercepting  it  by  wells  or  galleries 
at  some  distance  from  the  point  of  application. 
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This  method  of  purification  is  known  as  the  **'  Richert  Sys- 
tem "  from  J.  Gust.  Richert,  a  consulting  engineer  of  Stock- 
holm, who  has  presented  the  subject  in  his  monograph  "  Les 
Eaux  Souterraines  Artificielles."  The  system  was  developed 
in  Sweden,  where  conditions  are  not  favorable  to  the  ordinary 
methods  of  ground-water  development.  Sketches  of  typical 
artificial  ground-water  plants  from  Richert  are  shown  on  Sheet 
80,  Ace.  L  66. 

Some  loosening  up  and  cleaning  of  the  bed  of  the  artificial 
reservoir  or  canal  where  the  w"ater  is  applied,  is  necessary  in 
these  plants,  but  this  is  done  with  less  care  and  expense  than 
the  scraping  of  artificial  sand  filters. 

PROPOSED  INFILTRATION  BASINS 

Surveys  have  been  made  for  the  proposed  infiltration  basins 
on  the  Carirs  and  Patchogue  rivers  and  preliminary  plans  have 
been  prepared.  The  proposed  basins  on  the  Connetquot  and 
Carman's  rivers  could  not,  however,  be  surveyed  because  of 
the  hostile  attitude  of  the  sportsmen's  clubs  on  whose  grounds 
these  would  be  located.  The  line  of  collecting  works  on  the 
Peconic  river  parallels  the  streams  and  ponds  above  Riverhead 
and  no  special  work  would  be  required  to  make  a  large  portion 
of  the  surface-waters  there  available  as  ground-water.  It 
might  be  found  necessary  to  clean  out  some  of  the  ponds,  but 
this  need  not  be  expensive. 

Location  of  Infiltration  Basins 

The  general  map.  Sheet  4,  Ace.  5602,  page  26,  shows  the 
location  of  thesef  infiltration  basins.  Those  on  the  Carll's  and 
Patchogue  rivers  would  be  located  immediately  above  the  main 
south  shore  aqueduct.  The  best  sites  for  those  on  the  Connet- 
quot and  Carman's  rivers  appear  to  be  on  the  branch  aqueducts 
near  the  Main  line  of  the  Long  Island  railroad,  the  first  south 
and  the  second  north  of  this  line. 

The  Carll's  River  and  Patchogue  River  basins  would  be  lo- 
cated as  near  the  south  shore  as  ground-water  could  safely  be 
drawn,  but  the  collecting  works  would  readily  intercept  the 
entire  flood  flows  of  these  streams.  The  infiltration  basins  on 
the  larger  streams,  the  Connetquot  brook  and  Carman's  river, 
would  be  farther  inland  where  the  surface  topography  is  more 
favorable  for  the  large  reservoirs  necessary  on  these  streams, 
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where  the  cost  of  land  and  construction  would  be  smaller,  and 
where  there  w'ould  be  less  danger  from  sea-water  in  pumping 
the  ground-water  deeply  from  the  wells  located  about  the  in- 
filtration basins.  On  both  of  these  streams  the  flood  flows  from 
the  watershed  below  the  prop)osed  infiltration  basins  could  be 
collected  by  the  wells  on  the  main  south  shore  line  where  this 
crosses  these  streams  and  some  by  the  wells  on  the  branch  lines 
nearby. 

Outline  of  Design  for  Infiltration  Basins 

In  general,  the  muck  that  now  fills  the  bottom  of  the  val- 
leys on  the  sites  of  the  infiltration  basins  would  be  removed, 
and  the  sand  beneath  excavated  to  an  elevation  above  sea- 
level  of  about  b  to  10  feet,  the  excavated  material  being  placed 
in  the  dam  and  the  aqueduct  embankments.  The  shallow 
flowage  around  the  basin  would  also  be  filled  up,  and  the 
shores  of  the  reservoir  raised  where  necessary,  and 
given  appropriate  landscape  treatment.  A  basin  having 
a  full  depth  of  10  to  15  feet  would  generally  be  obtained; 
this  would  be  essential  to  provide  sufficient  storage  at  times 
of  large  flood  flow  and  the  low  elevation  of  the  bottom  would 
ensure  a  covering  of  water  to  prevent  the  surface  of  the  bot- 
tom from  being  frozen.  In  addition  to  the  filter  surface  in 
the  bottom  of  each  basin,  it  is  also  proposed  to  deepen  and 
widen  the  stream  above  the  basin.  Observations  at  Massa- 
pequa  have  shown  that  flowing  water  prevents  the  stream  bot- 
toms from  clogging  up,  and  more  water  filters  through  them 
than  through  the  bottoms  of  ponds  in  which  there  is  little 
movement. 

Wells  about  500  feet  apart  would  b^  driven  about  the  mar- 
gins of  these  basins  at  a  distance  of  about  300  feet  from  the 
flow  line  in  order  that  there  would  be  sufficient  thickness  of 
sand  between  these  wells  and  the  bottom  of  the  basin  to  se- 
cure complete  purification  of  the  surface-water. 

Capacity  of  Infiltration  Basins 

The  area  and  volume  of  the  proposed  infiltration  basins 
are  shown  below.  These  quantities  have  been  determined  for 
the  two  basins  on  the  Carll's  and  Patchogue  rivers  from  the 
topographical  survey  maps.  The  approximate  estimates  for 
the  Connetcjuot  Brook  and  Carman's  River  basins  have  been 
made  from  the  geological  survey  maps. 


FLOOD  FLOWS  OF  SURFACE  STREAMS 


Z67 


Infiltration 
Basins 

Area  of 

Filter 

Surface  in 

Basin 
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Flood 
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Stream  to 

be  Filtered 

Million 

Gallons 

Daily 

Correspond- 
ing Maximum 

Rate  of 

Filtration 

IN  Gallons 

PER  Day,  per 

Acre 

Total 
Storage 
Volume 
OF  Basin 

IN 

Million 
Gallons 

Carll's  river 

51 

25 
40 
10 
40 

490.000 
400.000 
340.000 
400.000 

167 

Connetquot  brook 

100 

300 

Patchogue  river 

29 

95 

Carman's  river 

100 

300 

From  the  maximum  flood  discharge  of  each  stream,  the 
probable  rate  of  filtration  has  been  estimated.  The  maximum 
rate  of  filtration  would  not,  in  any  case,  be  more  than  500,000 
gallons  per  day  per  acre,  which  is  but  little  more  than  one- 
fourth  to  one-sixth  of  the  allowable  rate  for  slow  sand  filtra- 
tion. This  rate  could  doubtless  be  maintained  without  any 
difficulty  for  several  months  without  exposing  the  bottom  of 
the  infiltration  basins  for  cleaning,  although  the  same  means 
that  have  been  recently  devised  for  scraping  sand  filters  when 
covered  with  water  would  answer  equally  well  for  these  basins. 
Once  a  year  during  low  water  flow  of  stream,  the  basin  could 
be  pumped  down  and  thoroughly  cleaned  of  the  accumulation 
of  silt  and  humus  that  would,  in  time,  reduce  the  rate  of  filtra- 
tion. 

The  extremely  large  run-ofTs  from  these  Long  Island  wa- 
tersheds that  occur  once  or  twice  in  a  generation  could  not  be 
impounded  in  any  reservoir  that  can  be  constructed  on  these 
southern  Suffolk  County  streams,  and  ample  overflow  and  cul- 
vert capacity  must  be  provided  for  these  infiltration  basins. 
On  the  basis  of  stream  discharges  observed  in  w^estern  Long 
Island  in  February,  1902,  when  a  warm  rain  occurred  on  the 
snow  covered  and  frozen  ground,  run-offs  of  one  to  three 
inches  depth  may  be  expected  in  proportion  to  the  size  of  the 
watershed.  A  run-off  of  one  inch  would  probably  never  be 
exceeded  on  such  streams  as  the  Connetquot,  Carman's  and 
Peconic  rivers,  but  two  to  three  inches  per  day  might  occur  on 
the  Carll's  and  Patchogue  rivers.  The  loss  of  these  occasional 
floods  would  be  insignificant. 


Clinton  Experiments 

Some  interesting  experiments  were  carried  on  at  Clinton, 
Massachusetts,  by  the  Metropolitan  Water  Board  in  1896  and 
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1897,  in  connection  with  the  design  of  the  North  dike  of  the 
Wachusetts  reservoir.  A  basin,  having  an  area  of  1/20 
acre,  was  prepared  on  the  summit  of  a  hill  about  40  feet  above 
Coachlace  pond,  and  water  from  this  pond  was  a|)plied  for 
four  or  five  months  to  determine  the  amount  of  percolation 
through  the  material  forming  this  hill.  The  sands,  in  which 
this  basin  was  formed,  are  not  unlike  the  yellow  sands  of 
Long  Island,  and  the  amount  of  water  applied  to  this  basin 
gives  some  idea  of  the  rate  of  filtration  that  may  be  attained 
through  the  proposed  infiltration  basins  in  SuflFolk  county. 
The  Long  Island  sands  are,  if  anything,  coarser  than  those  at 
Clinton. 

The  amount  of  water  applied  during  the  three  long  periods 
of  continuous  operation  are  shown  below.  At  the  end  of  40 
or  SO  days,  the  surface  of  the  bed  was  clogged  to  such  an 
extent  as  to  require  cleaning. 


Approximate  Rate  of  Application  in  Gallons  per  Day 

Period  of  per  Acre 

Continuous 


Operation  Maximum  at  be-       Minimum  at  Average 

Days  ginning  of  run  end  of  run  rate 


40  2.500.000  650.000  1,100.000 

55  2.000.000  850.000  1.150.000 

45  2.000,000  1,000,000  1,200.000 


The  rate  of  filtration  through  the  proposed  basins  in  Suf- 
folk county  would  not  ordinarily  be  over  200,000  to  300,000 
gallons  per  day  per  acre,  and  the  intervals  between  scraping 
might,  perhaps,  be  as  much  as  three  or  four  months.  The 
Suffolk  County  waters  are  not  silt  bearing,  but,  of  course, 
carry  leaves  and  vegetable  mold  that  form  the  black  muck 
on  the  bottoms  of  the  ponds.  They  differ  but  little  from  the 
waters  of  Coachlace  pond  that  were  used  for  the  Clinton  ex- 
periments. 

The  average  head  on  the  bottom  of  the  Clinton  basin  was 
only  four  feet,  whereas  with  full  basins  those  proposed  in 
Suffolk  county  may  have  a  head  of  10  to  15  feet  or  more, 
and  the  strata  below  would  be  continuously  saturated,  so  that, 
even  when  clogged  by  several  months'  use,  the  Suffolk  County 
basins  should  be  able  to  pass  500,000  gallons  per  day  per  acre. 
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Cost  of  Infiltration  Basins 
The  cost  of  each  of  these  basins  is  estimated  as  follows : 


Carll's      Connbtquot  Patchogub    Carman's 


r .- J                                                    r  203  acres  350  acres  162  acres  250  acres 

^^^^ \  $00,900  $70,000  $48,600  $62,500 

Damages Included  in  other  estimates 

Construction  of  basin 178.200  200.000  82.900  100,000 

Wells  and  equipment 37,400  85.000  34,000  51,000 

Total,    including    allowance    for 

engineering  and  contingencies . .  $t76,$00  $$$$,000  $1$S,$00  $tlS,600 


These  infiltration  basins  would  make  an  average  supply  of 
50  million  gallons  per  day  available,  which  might  not  be  other- 
wise obtained.  With  all  the  fixed  charges  and  operating  ex- 
penses, the  cost  of  this  water  would  not  be  proportionally 
greater  than  the  remainder  of  the  ground-water  supply. 
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REMOVAL    OF    IRON    FROM    SUFFOLK    COUNTY 

GROUND-WATER 

BY    WALTER    E.    SPEAR,    DIVISION    ENGINEER 

The  analyses  in  Appendix  2  show  that  some  of  the  ground- 
waters from  the  yellow  sands  and  gravels  of  Suffolk  county 
contain  more  iron  than  is  allowable  in  a  supply  for  domestic 
or  commercial  uses.  The  manganese  in  a  few  localities  is  also 
somewhat  high,  but  the  data  now  available  does  not  indicate 
that  the  amount  of  either  iron  or  manganese  in  the  whole 
supply,  when  all  the  waters  are  mixed  together,  would  be  above 
the  safe  limits  that  are  usually  fixed. 

Iron  and  manganese  give  much  trouble  in  water-supplies 
through  the  encouragement  of  growths  of  certain  organisms, 
which  cause  unpleasant  tastes  and  odors  in  the  water.  These 
organisms,  with  the  oxides  of  these  metals,  sometimes  fill  up 
the  wells  of  the  collecting  works  and  connections,  or  the  pipes 
of  the  distributing  system.  Waters  containing  but  a  small  per- 
centage of  iron  give  much  annoyance  in  the  laundry,  even  if 
the  amount  is  not  sensible  to  the  taste,  and  such  waters  can- 
not often  be  used  for  some  manufacturing  purposes.  The 
iron  can  be  readily  removed  from  the  water  by  exposure  and 
aeration,  and  by  rapid  filtration  through  sand  or  gravel.  Un- 
fortunately, the  manganese  does  not  as  readily  precipitate  and 
cannot  be  easily  removed. 

Iron  in  the  Ridgewood  Supply 

The  RidgcAvood  supply  contains  nearly  0.6  of  a  part  of 
iron  per  million,  which  is  somewhat  greater  than  is  considered 
advisable.  The  limit  is  usually  placed  at  about  0.4  to  0.5  of 
a  part.  This  amount  of  iron  in  the  Ridgewood  supply  has 
resulted  from  the  greater  development,  during  the  past  few 
years,  of  the  ground- waters  in  the  westerly  portion  of  the 
old  watershed  that  are  highly  impregnated  with  iron.  While 
0.6  of  a  part  per  million  would  not  warrant  any  large  ex- 
penditures for  iron  removal  plants  on  the  Ridgewood  works, 
in  laying  out  a  new  system  in  Suffolk  county,  the  possibility 
of  filtering  a  portion  of  it  must  be  considered. 
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Iron  Removal  Plants  in  Suffolk  County 

It  is  not  unlikely  that  it  would  be  advisable  in  the  future 
to  remove  the  iron  from  some  of  the  ground-waters  in  Suf- 
folk county,  that  contain  iron  greatly  in  excess  of  that  allow- 
able for  the  whole  supply.  This  should  be  done  at  small  plants 
where  the  waters  could  be  treated  before  they  enter  the  main 
aqueduct'.  It  is  possible  that  the  entire  supply  from  the  Pe- 
conic  valley  w-ould  be  filtered,  and  the  pumping-station  near 
Riverhead  should  be  planned  with  a  view  to  treating  at  this 
point  all  the  water  delivered  by  the  aqueduct  there.  The  iron 
removal  plants  on  Long  Island,  and  those  of  ground-water 
supplies  from  similar  formations  in  New  Jersey,  indicate  that 
the  iron  in  these  yellow  gravels  is  in  such  a  form  as  to  be 
readily  precipitated  by  brief  contact  with  the  atmosphere, 
through  falling  a  few  feet  in  the  air,  through  exposure  in 
open  reservoirs,  or  even  through  the  introduction  of  air  into 
the  suction  mains. 

The  proper  treatment  of  ground-waters  for  the  removal 
of  iron  must,  however,  be  determined  for  each  locality.  When 
the  time  comes  to  treat  portions  of  the  Suffolk  County  supply, 
sufficient  investigation  must  be  made  to  learn  the  amount  of 
aeration  and  the  rate  of  filtration  for  each  water. 

German   Iron  Removal  Plants 

Many  of  the  German  ground-waters  have  rcHjuircd  very 
thorough  aeration  by  flowing  in  thin  sheets  or  slowly  drop- 
ping through  a  stack  of  coke,  brick,  or  thin  wood  slal)S.  Two 
types  of  aerators  employed  in  (icrmany  arc  shown  on  Sheets 
81,  82  and  83,  Aces.  L  71.  L  67  and  L  0<S.  and  some  data  on 
the  aerators  and  filters  of  the  prineii)al  iron  removal  plants  in 
northern  Europe  are  presented  in  Table  2^),  It  will  be  noteil 
in  these  German  filters,  that  maxinunii  rates  of  25  million 
gallons  per  acre  per  day  are  sometimes  employed  and  that 
12  or  15  million  gallons  per  acre  is  not  uncommon.  The  high- 
est rate  is  not  probably  desirable,  as  it  re(|uires  more  frecjuent 
cleaning  of  the  filters. 

The  iron  removal  plant  at  I.cij)sic  is  interesting  because 
of  the  absence  of  the  aerators  common  in  other  German 
plants  and  the  coarse  material  of  which  the  filters  are  made. 
(See  Sheet  84,  Ace.  L  65.)  The  water  is  delivered  to  these 
filters  through  6.5  miles  of  aqueduct  and  siphon  and  a  short 
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overfall  as  at  the  plant  of  the  Queens  County  Water  Co.  on 
Long  Island,  at  Far  Rockavvay,  New  York.  The  iron  appears 
in  large  flocculent  masses  that  permit  of  rapid  filtration. 

In  other  plants  in  Germany,  where  the  iron  is  not  so  readily 
precipitated,  the  water  falls  through  the  aerators  and  reaches 
the  filters  in  much  finer  particles.  This  breaking  up  of  the 
iron  particles  makes  filtration  more  difficult  and  the  treatment 
of  a  water  before  filtration  is  therefore  important. 
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APPENDIX   9 

FRESH-WATER     RESERVOIRS     ON     SALT-WATER 

ESTUARIES,   TO    PROTECT    COLLECTING 

WORKS  FROM  THE  SEA-WATER 

BY   WALTER  E.  SPEAR,   DIVISION   ENGINEER 

The  main  south  shore  line  of  the  proposed  Suffolk  County 
collecting  works  cannot,  everywhere,  be  located  back  of  the 
20- foot  or  even  the  15-foot  ground-water  contour,  where 
it  has  been  shown  in  Appendix  2  that  the  works  would  be 
safe  from  the  infiltration  of  sea- water.  To  secure  such  a 
location  at  the  crossings  of  the  deeper  valleys,  would  neces- 
sitate wide  detours  back  into  the  island,  which  would  greatly 
increase  the  length  and  cost  of  the  aqueduct  and  would  re- 
duce the  tributary  catchment  area. 

Safety  against  the  entrance  of  sea-water  could,  however, 
be  secured  in  these  valleys  where  the  ground-water  is  but  a 
few  feet  above  the  sea,  by  constructing  dams  across  the  out- 
lets of  the  salt-water  estuaries  of  the  streams  and  creating 
fresh-water  reservoirs  that  would  crowd  out  the  sea-water 
in  the  underlying  gravels.  Artificial  ponds  have  already  been 
created  through  private  effort  on  many  streams  in  southern 
Suffolk  county,  that  provide  the  necessary  protection  to  the 
proposed  ground-water  collecting  works,  just  as  Massapequa 
lake,  originally  a  private  pond,  protects  a  portion  of  the 
Brooklyn  works  in  Nassau  county.  No  additional  works  need 
be  constructed  on  such  streams,  which  include  most  of  the 
creeks  on  the  first  20  miles  of  the  Suffolk  County  shore.  *  There 
are,  however,  about  14  streams,  mostly  in  eastern  Suffolk 
countv,  on  which  fresh-water  reservoirs  should  be  constructed. 

Limiting  Distance  to  SA^T  Water 

In  general,  no  sea-water  should  be  permitted  within  the 
probable  line  of  inflection  of  the  water-table  toward  the  wells, 
which  represents  the  southerly  limit  of  the  catchment  area ; 
otherwise,  the  salt  water  would  flow  at  once  to  the  wells. 
When  the  collecting  works  are  in  full  operation,  the  ground- 
water would  sometimes  be  inflected  toward  the  works  for  a 
distance  of  3000  to  5000  feet  south  of  the  proposed  aqueduct 
line.  For  the  proper  protection  of  the  supply,  the  sca-watcr 
in  the  surface  channels  must,  however,  be  crowded  consid- 
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erably  beyond  these  distances  to  prevent  its  reaching  through 
the  open  channels,  the  line  of  inflection  toward  the  wells,  and 
wide  bodies  of  fresh  water  should  be  permanently  interposed. 
The  dams  on  these  proposed  fresh- water  reservoirs  should, 
therefore,  for  safety,  be  built  at  least  2000  feet  beyond  this 
line  of  inflection  of  the  ground-water,  or  from  5000  to  8000 
feet  south  of  the  proposed  aqueduct  and  the  collecting  works. 
The  larger  figure,  say  ly^  miles,  has  generally  been  secured 
in  laying  out  the  proposed  reservoirs.  The  location  for  the 
dams  would  naturally  be  fixed  by  the  topography  of  the  chan- 
nels and  the  elevation  of  the  adjacent  lands,  and  some  of 
them  on  the  smaller  streams  have  been  laid  out  only  7000 
feet,  and  in  one  case  only  6600  feet  from  the  collecting  works. 
Salt  water  on  the  Patchogue  river  would  be  even  nearer, 
(5200  feet),  after  the  completion  of  a  small  dam  at  the 
head  of  the  harbor  on  Division  street,  but  the  fresh  water 
in  Patchogue  lake,  which  stands  at  Elevation  11,  and  that  in 
West  lake,  would  assist  in  crowding  the  sea- water  back. 

The  distance  from  the  collecting  w-orks  through  which  it 
is  proposed  to  remove  the  salt  water  on  each  stream  is  shown 
in  the  table  following: 


Present  Distance  of 
Name  of  Stream        Salt  Water  South  from 

Line  of  Collecting  Works 
Feet 

Connetquot  river 

Browns  creek 

Patchoi?ue  river 

Swan  river 

Mud  creek 

Carman's  river 

ForRc  river 

Old  Neck  creek 

Terrell  river 

Scatuck  creek 

East  branch 

Speonk  river 

Beaverdam  creek 

Quantuck  creek 


Distance  of  Salt  Water  in 

Feet  South  of   Collecting 

Works  After  Completion 

OF  Proposed  Reservoirs 


1.400 

11.400 

4,500 

8.500 

3.400 

5.200 

3.500 

8.800 

4.300 

8.000 

1,100  north 

8,300 

3.R00 

9.700 

4.700 

7.0{K) 

4.500 

7.500 

3.S00 

7.(K)0 

3.000 

8.000 

5.700 

8.500 

2.900 

6.600 

3.200 

7.000 

HiGHT  OF  Proposed  Reservoirs 

Each  reservoir  surface  should  be  as  high  as  possible  above 
mean  sea-level  in  the  south  shore  bays,  in  order  to  j)rovide 
the  greatest  protection  for  the  ground-water  collecting  works. 
Many  limitations  in  the  hight  of  the  surfaces  of  these  reser- 
voirs exist  in  low  banks,  highways,  culverts  and  bridges,  and 
most  important  of  all  is  the  difficulty  of  maintaining  the  res- 
ervoirs without  artificial  pumping. 
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A  flow  line  of  two  feet  above  mean  sea-level  would  prob- 
ably be  high  enough  if  the  strata  below  were  uniformly  porous, 
because  two  feet  of  fresh  water  would  balance  a  depth  of 
brackish  water  equivalent  to  the  full  depth  of  the  yellow  water 
bearing  gravels,  if  the  brackish  water  had  a  specific  gravity  of 
1.015  to  1.025.  Where  possible,  however,  a  hight  of  three 
feet  is  proposed  for  greater  safety,  because  the  deep  water 
gravels  do  not  everywhere  communicate  freely  with  the  sur- 
face. 

Location  of  Reservoirs 

The  locations  of  the  proposed  reservoirs  are  shown  on  the 
gemeral  map,  Sheet  4,  Ace.  5602,  page  26.  With  the  exception 
of  the  small  reservoir  proposed  on  the  Patchogue  river,  plans 
of  all  reservoirs  have  been  prepared  from  the  topographical 
surveys  niade  by  the  engineers  of  this  Board. 

Design  of  Proposed  Dam 

An  earth  embankment  is  proposed  for  these  reservoirs 
w^iich  could  be  made  of  the  material  dredged  from  the  river 
channels.  This  material  would  be  pumped  and  deposited  on 
either  side  of  a  center  line  of  sheet  piling,  which  would  be 
capped  above  the  water-line  with  concrete.  The  proposed  sec- 
tion of  one  of  these  embankments,  that  on  the  Con- 
netquot  river,  is  shown  on  Sheet  85,  Ace.  L  479,  which 
exhibits  also  the  concrete  spillway  and  the  lock  and  railway 
for  small  boats  that  would  be  provided  on  the  larger  and  nav- 
igable streams,  P)rown's  creek,  Carman's  river.  Forge  river  and 
Seatuck  creek.  The  reservoir  dams  on  the  other  and  smaller 
streams  would  be  equipped  with  spillways  only,  although  sev- 
eral of  them  could,  if  required,  be  provided  at  small  expense 
with  railways  for  small  boats. 

Maintenance  of  Dams  and  Reservoirs 

These  reservoirs  would  be  maintained  in  the  same  manner 
as  the  City  parks  and  would  form  a  most  attractive  feature 
of  these  Suffolk  County  streams,  and  at  the  same  time  would 
greatly  improve  navigation  for  all  craft.  Except  for  the  larger 
dams  where  locks  should  be  provided,  there  would  be  no  cost 
for  operation  beyond  the  occasional  visits  of  laborers  to  cut 
the  grass  and  repair  the  embankment  slopes.  The  few  reser- 
voirs whose  surfaces  would  need  be  maintained  artificially  will 
be  considered  in  a  subsequent  appendix. 
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Cost  of  Reservoirs 

The  estimated  cost  of  these  reservoirs  is  shown  in  the 
following  table.  While  these  reservoirs  would  improve  the 
lands  about  them,  some  interruption  in  the  natural  drainage 
would  result  from  their  construction,  and  a  liberal  allowance 
has  been  made  in  the  estimates  for  damages  and  ample  land 
takings  have  been  provided  for. 


Total 

Land  And 

Exclusive  of 

Reservoir 

Construction 

Consequential 

Engineering  and 

Damages 

Contingencies 

Connetquot  river $76,900 

Browns  creek 18.700 

Patchogue  creek 8,000 

Swan  river 30.600 

Mud  creek 19.400 

Carman's  river 44.500 

Forge  river 69,500 

Old  Neck  creek 23.100 

Terrell  river 36,200 

Seatuck  creek 59.900 

East  branch 18.200 

Speonk  river 14.400 

Beavcrdam  creek 10.800 

Quantuck  creek 16,700 

Total $446,900 


$52,000 

$128,900 

37.000 

55.700 

7.000 

15.000 

32,000 

62.600 

20.000 

39,400 

92.000 

136,600 

42.000 

111.500 

6,000 

29.100 

12.500 

48.700 

22,300 

82.200 

1 1 .000 

29.200 

12.500 

26.900 

13,200 

24.000 

12.600 

29,300 

$372,100 

$819,000 

An  allowance  of  20  per  cent,  is  made  in  final  summary  of 
cost  of  these  works  for  engineering  and  contingencies. 

Basis  of  Estimates 

The  quantities  on  which  the  above  reservoir  costs  were 
made  up  have  been  estimated  liberally,  and  land  and  damages 
are  equally  large.     The  unit  prices  adopted  are  as  follows: 


Excavation  on  embankment  and  sites $0.25  per  cubic  yard 

Excavation  on  spillway  and  lock  sites 50  i^er  cubic  yard 

Embankments 25  per  cubic  yard 

(It   is   assumed   that  most   of   the   earth 
would  be  handled  by  pump  dredges) 

Soil  dressing 75  per  cubic  yard 

Concrete  masonry  of  locks  and  spillways. .    12.00  per  cubic  yard 

Concrete  paving  on  embankments 6.00  per  cubic  yard 

Round  piles  on  main  embankment,  in  place      .25  per  foot 

Round  piles  for  coffer-dam,  in  place 35  per  foot 

Lumber  sheeting  in  place 65.00  per  M  ft,  B.  M. 

Lumber  walings  in  place 60.00  per  M  ft.  B.  M. 

Lumber  for  foot  bridges  and  docks 50.00  per  M  ft.  B.  M. 
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duct  from  the  proposed  pumping-station  in  Brooklyn  bor- 
ough to  the  extreme  easterly  end  of  the  south  shore  develop- 
ment. The  surface  topography  of  Long  Island  from  Ridge- 
wood  to  Quogue  is,  fortunately,  very  favorable  to  this  plan, 
because  the  land  surface  at  any  given  distance  from  the  south 
shore  increases  in  hight  toward  the  easterly  end  of  the  island. 

A  continuous  gravity  aqueduct  would  avoid  any  pumping 
along  the  line  of  the  aqueduct,  as  at  the  Millburn  pumping- 
station  of  the  Brooklyn  works,  where  the  supply  collected  in 
the  '*  new  conduit  "  is  lifted  about  seven  feet  into  the  "  old 
conduit "  running  to  Ridgewood,  or  pumped  through  cast-iron 
pipe  to  this  station.  The  low  elevations  of  the  ground  on  the 
line  of  the  ''  new  conduit "  near  the  Long  Island  railroad, 
made  this  arrangement  necessary.  It  could  have  been  avoided 
by  moving  the  aqueduct  and  supply  ponds  back  from  the  shore, 
but  the  W'orks  were  built  to  collect  a  surface  supply,  and  were 
necessarily  located  near  the  south  shore  where  the  flow  in  the 
surface  streams  is  a  maximum. 

The  City,  through  the  Department  of  Water  Supply,  now 
owns  a  strip  of  land  generally  200  feet  in  width  just  south 
of  the  *'  old  conduit  "  and  the  Montauk  division  of  the  I-ong 
Island  railroad,  from  a  point  a  short  distance  east  of  the 
Ridgewood  station  to  Clear  stream.  The  72-inch  steel-pipe 
line  is  located  on  this  land,  but  tbere  is  ample  room  for  the 
propo<^ed  Suffolk  County  aqueduct  without  interfering  with 
this  ])ipe-line  or  with  the  driven-well  stations  and  infiltration 
galleries  that  are  being  consti;ucted  there.  From  Clear  stream 
it  is  now  proposed  to  cross  over  to  the  north  side  of  the  Long 
Island  railroad,  and  locate  the  aqueduct  as  far  as  the  Suffolk 
County  line  at  some  distance  north  of  the  railroad  and  the 
south  shore  villages,  where  the  ground  is  higher  than  on  the 
line  of  the  Ridgewood  works,  and  an  economical  cut-and- 
cover  section  could  be  built. 

A  wide  strip  of  land  may  be  purchased  this  year  by  the 
Department  of  Water  Supply  along  the  south  side  of  the 
Long  Island  railroad  for  the  extension  of  the  72-inch  steel- 
pipe  line  from  Clear  stream  to  Massapequa,  and  the  proposed 
Suffolk  County  aqueduct  might  well  be  constructed  within  it 
as  far  as  the  Millburn  reservoir.  This  alternative  line  is 
shown  on  the  general  map  as  a  dotted  red  line.  Beyond 
Millburn  reservoir  the  aqueduct  would,  of  necessity,  cross 
to  the  north  side  of  the  railroad,  because  the  location  proposed 
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by  the  department  on  the  south  side  of  the  railroad  is  too  low 
for  a  cut-and-cover  section. 

Siphons 

It  would  not  be  feasible  to  construct  the  proposed  Suffolk 
County  aqueduct  entirely  of  a  masonry  cut-and-cover  section 
on  the  hydraulic  gradient.  Siphons  would  be  necessary  in 
the  main  aqueduct  at  Great  River,  South  Haven,  Eastport, 
Westhampton,  and  again  at  Valley  Stream  should  the  alterna- 
tive line  in  Nassau  county  be  adopted.  Those  in  Suffolk 
county  would  avoid  high  embankments.  The  Valley  Stream 
siphon  would  be  necessary  to  avoid  interference  with  street 
grades  in  a  thickly  settled  suburban  district;  the  pressure 
in  this  siphon  would  be  small,  and  a  concrete  section  slightly  re- 
inforced could  be  adopted.  The  siphons  in  Suffolk  county  at 
Great  River,  South  Haven  and  Eastport,  would  be  constructed 
in  deep  valley  crossings,  where  a  detour  to  secure  a  cut-and- 
cover  location  would  be  impossible^,  and  the  pressures  would  be 
so  high  as  to  require  riveted  steel  pipe.  The  small  siphon  at 
Westhampton,  and  several  others  of  small  dimensions  on  the 
branch  aqueducts  would  be  of  cast-iron  pipe. 

Capacity  of  Aqueduct 

It  is  proposed  to  make  the  nominal  capacity  of  the  aque- 
duct from  Suffolk  county  to  Brooklyn  borough  250  million 
gallons  per  day,  which  is  sufficient  to  carry  the  normal  safe 
yield  of  the  Suffolk  County  watersheds.  From  Hempstead 
pond  or  Smiths  pond  to  New  York  City,  however,  the  ground 
is  fa\'orable  for  a  somewhat  greater  slope  in  the  aqueduct 
than  farther  east,  and  it  would  be  possible,  with  the  same 
aqueduct  section,  to  increase  the  nominal  capacity  to  300  mil- 
lion gallons  per  day.  This  excess  capacity  is  proposed  with 
a  view  to  transporting,  in  time  of  great  need,  a  large  volume 
of  storage  through  a  branch  aqueduct  from  the  Hempstead 
storage  reservoir,  and  the  additional  capacity  would  also  serve 
to  occasionally  convey  all  the  water  carried  by  the  old  Brook- 
lyn conduit,  so  that  the  latter  could  be  emptied  for  cleaning 
and  repairs. 

The  old  conduit  was  built  of  brick  masonry  50  years  ago, 
and  inspection  has  shown  the  need  of  thorough  repairs,  which 
cannot  at  present  be  made  because  this  conduit  could  not  be 
out  of  service  for  a  sufficient  length  of  time  without  cutting 
oflf  the  supply  of  Brooklyn  borough. 
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The  full  section  of  250  million  gallons  daily  capacity  need 
not  be  carried  into  Suffolk  county  farther  than  Great  River, 
15  miles  from  the  Nassau  County  line.  The  capacity  beyond 
this  point  would  be  roughly  proportional  to  the  area  and  yield 
of  the  tributary  watershed.  On  Sheet  97,  Ace.  L  605,  are 
presented  mass  curves  of  the  average  yield  of  Suffolk  County 
watersheds  and  the  proposed  nominal  capacity  of  the  main 
aqueduct.  The  excess  capacity  of  the  aqueduct  in  eastern 
Suffolk  county  varies  from  40  to  60  million  gallons  daily  over 
the  average  yield.  This  is  provided  to  permit  these  easterly 
portions  of  the  watershed  to  be  drawn  upon  to  their  maximum 
capacity,  when,  through  accident  or  design,  the  westerly  por- 
tions of  the  collecting  works  were  not  being  operated.  Changes 
in  section  are  generally  made  at  the  junction  of  the  branch 
lines  to  permit  the  full  discharge  of  these  laterals  to  be  de- 
livered. The  capacity  of  the  Peconic  aqueduct  is  planned 
for  the  maximum  yield  of  the  tributary  watershed,  50  million 
gallons  per  day. 

The  branch  lines  have  been  designed  for  a  nominal  ca- 
pacity of  40  to  50  million  gallons  per  day,  which  represent 
the  probable  maximum  delivery  of  the  collecting  works  on 
these  lines. 

Excess  Capacity  of  Aqueducts 

Using  a  value  of  C  in  the  Chezy  formula  of  120,  the  ca- 
pacity of  each  aqueduct  section  was  computed  for  a  flow 
four  to  ?i\^  per  cent,  larger  than  the  capacity  given.  The 
nominal  capacity  of  each  section  represents,  therefore,  the 
probable  safe  carrying  capacity  of  the  aqueducts  after  several 
years  of  service  without  cleaning,  when  the  bottom  would 
perhaps  be  covered  with  sand  pumped  in  with  water  from  the 
wells. 

It  would  not  be  unreasonable  to  expect  a  coefficient  of 
130  or  even  140  if  the  aqueduct  were  properly  cleaned  every 
six  months  or  every  year,  and  with  this  value  of  C,  the  main 
aqueduct  to  Ridgewood  could  transport  the  maximum  delivery 
of  the  watershed  of  300  million  gallons  per  day  in  times  of 
great  demand.  Only  by  giving  the  main  aqueduct  to  the  City 
a  capacity  considerably  in  excess  of  the  normal  yield  of  the 
watershed,  may  a  large  covered  distributing  reservoir  in 
Brooklyn  borough  be  dispensed  with,  and  the  cheap  ground- 
water storage  in  the  sands  of  southern  Long  Island  made 
available.     With  the  connection  proposed  to  Brooklyn  from 
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.  Hill  \'iew  reservoir  for  the  Catskill  supply  an  excess  of  20  per 
cent,  in  the  capacity  of  the  Suffolk  County  aqueduct  above 
that  corresponding  to  the  average  supply  from  Suffolk  county 
should  be  sufficient. 

Size  and  Grades  of  Aqueducts 

The  sections  of  the  Suffolk  County  aque<luct  have  been 
designed  after  the  type  of  concrete  masonry  aqueduct  now 
being  constructed  for  the  Catskill  works,  with  some  modifica- 
tions in  the  relative  hight  and  width  w^hich  seem  desirable  for 
Suffolk  County  conditions. 

The  widths  and  hights  of  the  aqueduct  sections  corre- 
sponding to  the  capacity  selected  are  shown  on  Sheet  97,  Ace. 
L  605,  above  referred  to.  The  details  of  these  sections,  with 
the  proposed  widths  and  slopes  of  excavation  and  embank- 
ment, are  presented  on  Sheets  98  to  102,  inclusive,  Aces.  LJ 
133,  L  594,  L  606,  L  331  and  L  593. 

No  section  in  wet  earth  is  provided  in  these  type  sections, 
as  it  is  planned  to  excavate  and  construct  the  aqueduct,  for 
most  of  its  length,  in  dry  trench.  It  is  proposed,  where  the 
subgrade  is  below  the  surface  of  the  ground-water,  to  lower 
the  water-table  below  this  grade  during  construction,  by  tem- 
porary driven  wells.  These  wells,  spaced  200  to  300  feet 
'apart  along  the  aqueduct  line,  would  be  driven  and  pumped 
by  portable  plants  into  completed  sections  of  the  aqueduct, 
or  into  flumes  that  would  transport  the  water  a  thousand  feet 
or  more  beyond  the  work.  In  Suffolk  county,  the  permanent 
wells  might  be  constructed  in  advance  of  aqueduct  construc- 
tion, and  intermediate  wells  of  temporary  character  driven 
where  necessary. 

For  the  estimates  in  dry  earth,  an  excavation  on  1  to  1 
slope  is  assumed.  The  aqueduct  would,  however,  be  con- 
structed in  sheeted  trench  for  several  short  sections,  from 
Pitkin  avenue,  Brooklyn,  to  the  Ridgewood  pumping-station, 
through  the  more  thickly  settled  portions  of  Freeport.  Amity- 
ville,  at  all  railroad  crossings,  and  at  some  important  high- 
ways. Should  the  southerly  alternative  line  be  adopted  in 
Nassau  county,  the  aqueduct  through  the  villages  of  Valley 
Stream  and  Rockville  Center  would  be  similarly  constructed. 
In  Brooklyn  borough  and  within  some  of  the  larger  villages 
of  Nassau  county,  the  work  would  necessarily  be  done  in  wet 
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trench,  and  timber  platforms  and  a  central  drainage  system 
adopted. 

The  general  plan  of  constructing  the  aqueduct  in  dry 
trench  is  not  only  the  most  economical  one,  but  it  would 
avoid  the  use  of  lumber  in  the  foundations  of  the  aqueduct 
and  other  structures.  This  is  most  desirable,  because  the 
ground- water  surface  would  be  frequently  drawn  below  the 
bottom  of  the  aqueducts  by  the  proposed  collecting  works  in 
Suffolk  county  and  by  the  present  pumping-stations  in  Nassau 
and  Queens,  and  the  life  of  wood  foundations  would  be  con- 
sequently short. 

A  cover  of  three  feet  on  the  aqueduct  appears  sufficient 
to  protect  the  concrete  section  from  the  frost  and  heat,  and 
preserve  the  equable  temperature  of  the  water.  The  slopes 
of  1  on  L)4  are  believed  to  be  perfectly  safe  with  the  coarse, 
sandy  material  that  would  be  used,  but  it  might  be  desirable 
to  increase  this  slope  to  1  on  3  or  to  even  1  on  5,  where  there  is 
an  excess  of  excavation,  both  to  render  the  embankments  more 
attractive  and  to  make  the  grass  grow  better.  The  proposed 
depth  of  soil  cover  of  12  inches  cannot  perhaps  be  obtained 
from  the  stripping  of  the  excavation  in  some  localities  with- 
out using  a  portion  of  the  subsoil,  and  it  will  require  much  caTe 
and  a  great  deal  of  sprinkling  to  establish  and  maintain  a 
good  sod  on  some  of  these  soils.  Special  study  is  required 
to  determine  the  best  means  of  increasing  the  fineness  of  these 
soils  to  make  them  more  retentive  of  moisture. 

Profiles  of  Aqueducts 

The  gradients  of  the  Suffolk  County  aqueduct  and  the  ele- 
vation of  the  invert  and  crown  relative  to  the  surface  of  the 
ground  and  to  the  water-table,  are  shown  in  profiles  on  Sheets 
86  to  96,  inclusive,  Aces,  LJ  108,  L  673,  L  549,  L  550,  L  537, 
L  588,  L  589,  L  612,  L  590,  L  591  and  L  340.  In  laying 
out  these  gradients,  several  conditions  had  to  be  met.  Having 
decided  upon  a  system  of  pumping  all  the  wells  throughout  the 
proposed  collecting  works  in  Suffolk  county,  it  appeared  de- 
sirable to  construct  the  aqueduct  as  economically  as  possible, 
and,  to  this  end,  to  place  it  at  such  a  grade  that  the  amount 
of  cut-and-cover  would  balance.  So  far  as  possible,  this  has 
been  done.  The  elevation  of  the  invert  of  the  aqueduct  and 
the  flow  line  is,  however,  determined  at  several  points  by  other 
considerations. 
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Grade  of  Aqueduct  in  Suffolk  County 

The  elevation  and  grade  of  the  aqueduct  in  Suffolk  county 
is  fixed  within  somewhat  narrow  limits  by  the  elevation  of  the 
ground- water  in  the  first  15  or  20  miles.  The  aqueduct  should 
be  as  near  the  ground-water  surface  as  possible  on  the  line  of 
the  collecting  works,  in  order  to  minimize  the  lift  of  the 
pumps,  and  yet  not  so  deep  in  the  saturated  sands  as  to  in- 
crease the  cost  of  the  aqueduct  beyond  the  possible  saving  in 
operating  expenses.  The  elevation  of  the  invert  of  the  aque- 
duct of  Elevation.  16,  at  the  Nassau-Suffolk  County  line  that 
has  been  fixed,  and  a  grade  of  seven  inches  per  mile  as  far 
east  as  Patchogue,  does  not  depress  the  aqueduct  very  far  be- 
low the  water-table.  The  grade  of  the  smaller  sections  of  the 
•main  aqueduct  from  Patchogue  to  the  junction  of  the  Peconic 
aqueduct  at  Westhampton,  is  reduced  from  seven  inches  to 
six  inches  per  mile,  in  order  to  fit  the  ground  without  mov- 
ing the  line  farther  inland  than  required  by  the  collecting 
works.  The  ground-water  in  eastern  Suffolk  county  is  low 
and  the  ground  surface  high,  so  that  the  lift  into  the  aqueduct 
increases  towards  the  easterly  end  of  the  works.  There  ap- 
pears to  be  no  way  to  avoid  this  with  a  continuous  gravity 
aqueduct  without  moving  the  easterly  portion  of  the  line 
farther  back  from  the  south  shore  and  placing  the  aqueduct 
in  very  deep  excavation. 

Suppose  for  the  moment  that  it  would  be  safe  to  move 
the  line  in  eastern  Suffolk  county  beyond  the  Carman's  river, 
nearer  the  south  shore  without  greater  danger  of  the  entrance 
of  sea-water,  and  place  the  gravity  aqueduct  at  a  lower  ele- 
vation, and  somewhat  nearer  the  ground-water  surface.  A 
saving  in  the  lift  of  the  ground-water  into  the  aqueduct  of 
possibly  10  feet  might  thus  be  effected,  but  this  plan  would 
require  another  pumping-station  at  the  Carman's  river  to  lift 
into  the  main  gravity  aqueduct  running  to  Brooklyn  the  en- 
tire supply  gathered  east  of  this  point,  including  the  yield 
of  the  Peconic  Valley  works. 

The  cost  of  pumping  the  wells  at  the  third  stage  of  con- 
struction, exclusive  of  fixed  charges,  is  estimated  at  14  cents 
per  million  foot-gallons,  and  there  would  be  70  million  galU^i^ 
per  day,  or  25,550  million  gallons  per  year  to  be  pumped. 

The  pumping  station  at  Carman's  river  would  have  to  lift 
this  volume  of  70  million  gallons  per  day,  and  in  additiiui, 
the  30  million  gallons  from  the  Peconic  valley,  and  it  would 
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not  be  safe  to  estimate  for  this  low  lift  plant  on  less  than 
4  cents  per  million  foot-gallons. 

The  annual  saving  of  10  feet  in  lift  on  70  million  gallons 
daily  would  amount  to  25,550  x  10x0. 14=:$35,770,  but 
against  this,  100  x  365i=36,500  million  gallons  daily  would 
be  pumped  daily  an  equal  distance  at  a  cost  each  year  of 
36,500  x  10  x0.04=$14,600.  The  net  annual  saving'  would 
be  $21,170,  which  capitalized  at  five  per  cent.,  would  amount 
to  $423,400. 

The  saving  effected  by  placing  the  easterly  end  of  the  main 
aqueduct  at  a  lower  elevation  to  minimize  the  lift  in  the  wells, 
would  hardly  pay  the  fixed  charges  on  the  cost  of  the  neces- 
sary pumping-station  at  the  Carman's  river.  Such  a  location 
is  not  desirable  anyway  because  it  would  be  too  near  the  sea. 

In  order  to  secure  the  full  yield  of  the  Peconic  Valley 
watershed,  the  collecting  works  would  be  located  at  the  down- 
stream end  of  the  valley.  The  water,  collected  in  the  gravity 
aqueduct  and  delivered  to  the  proposed  pumping-station  near 
Sweezy  pond  at  Riverhead,  must  be  pumped  over  the  hill  sep- 
arating the  Peconic  valley  from  the  southerly  slope  of  the 
island.  The  force  mains  would  not,  however,  be  long,  nor 
necessarily  large,  and  they  would  deliver  the  supply  at  the 
summit  of  the  hill  into  a  cut-and-cover  aqueduct,  which  would 
convey  the  water  by  gravity  to  the  main  south  shore  aqueduct 
at  Westhampton. 

The  branch  lines  would  be  constructed  at  reasonable  depths- 
for  cut-and-cover  sections,  and  because  of  the  natural  slope 
of  the  island,  small  and  inexpensive  aqueducts  could  be  built, 

(iRADE  OF  Aqueduct  ix  Nassau  and  Queens  Counties 

At  the  westerly  end  of  the  line  near  the  Ridgewood  pump- 
ing-station, it  seems  essential  that  the  flow  line  of  the  new 
aqueduct  should  be  at  such  an  elevation  that,  if  desired,  the 
entire  flmv  of  the  old  brick  conduit  of  the  Ridgewood  system 
could  be  taken  into  the  new^  aqueduct,  or  a  portion  of  the  new 
Suffolk  County  supply  could  be  delivered  through  the  old 
structure  to  the  present  Ridgewood  pumping-station.  To 
effect  this,  a  cross  connection  is  proposed  at  Spring  creek, 
where  the  flow  line  of  the  new  aqueduct  would  be  placed  at 
Elevation  10  above  the  B.  W.  S.  datum.  This  elevation  of 
the  flow  line  would  depress  the  aqueduct  below  the  ground- 
w^ater  in  the  westerly  portion  of  the  line,  but  this  grade  is 
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not  lower  than  is  necessary  through  much  of  Queens  county, 
to  secure  material  for  embankment  without  borrowing  from 
expensive  lands  now  devoted  to  truck  farming  or  being  devel- 
oped for  suburban  residences. 

Beginning  with  invert  elevation  of  16.0,  at  the  Nassau- 
Suffolk  County  line,  a  grade  of  seven  inches  per  mile  to  Smiths 
pond  could  be  maintained  with  little  deep  excavation,  except 
north  of  Freeport  and  Rockville  Center,  and  with  few  em- 
bankments of  sufficient  hight  to  damage  the  lands  through 
which  the  aqueduct  would  pass.  From  Smiths  pond  to  Ridge- 
wood,  a  grade  of  over  10  inches  per  mile  could  be  secured 
to  the  point  of  control  at  Spring  creek,  and  a  large  capacity 
secured  to  take  the  flow  of  Hempstead  storage  reservoir  and 
the  other  Brooklyn  works,  as  already  explained. 

Alternative  Location  of  Aqueduct  in  Nassau  County 

The  location  here  proposed  between  Rosedale  and  Millburn 
reservoir,  north  of  the  villages  of  Valley  Stream,  Lynbrook, 
and  Rockville  Center,  which  is  shown  on  the  general  map, 
Sheet  4,  Ace.  5602,  page  26,  as  a  full  red  line,  would  do  much 
less  damage  and  would  cause  less  annoyance  than  a  line  farther 
south,  although,  at  several  points  on  the  northerly  .line,  the 
aqueduct  would  be  in  deep  excavation  and  at  some  depth  below 
the  surface  of  the  ground-water.  This  line  is  proposed  be- 
cause it  is  thought  better  to  keep  away  from  the  villages  and 
thus  avoid  any  disturbance  there. 

The  alternative  line  through  the  villages  of  Valley  Stream, 
Lynbrook  and  Rockville  Center,  shown  on  the  general  map 
as  a  dotted  red  line,  would  be  somewhat  cheaper  than  the 
northerly  line,  even  with  the  greater  cost  of  land  on  the  south- 
erly route,  and  the  expense  of  a  siphon  at  Valley  Stream. 
Should  the  Department  of  Water  Supply  acquire  the  wide 
right-of-way  over  this  alternative  southerly  location,  the  Suf- 
folk County  aqueduct  should  of  course  be  built  on  this  line. 

The  relative  cost  of  the  aqueduct  on  these  two  locations 
is  shown  below: 


NoRTHKRi.Y     Southerly 
Item  Location     Ai.tkrnative 

Propo^^ei)         Locaiion 


Land  and  daraaKcs $317.«.-)()  $:i3r».400 

Earth  work 514..'i()()  42S.f)oO 

PumpinK  ground-water 29;i.OO()  2fM.3O0 

Masonry  aqueduct 980.000  1 .02r,.()50 

Special  structures  and  improvements 240,250  2(38,570 

Total,  exclusive  of  engineerinR  and  continRenoics.  .  $S,S45,S00  $2,S62,570 
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Cost  of  Aqueduct  Construction 

On  each  of  the  diagrams  showing  the  details  of  the  Suf- 
folk County  Aqueduct  sections,  Sheets  98  to  102,  inclusive, 
Aces.  LJ  133,  L  594,  L  606,  L  331  and  L  593,  curves  of  earth 
work  and  masonry  quantities  are  drawn  for  any  depth  of  cut  or 
fill.  From  these  curves  the  cost  of  each  section  of  aqueduct  in 
dry  earth  excavation  has  been  worked  up,  and  is  shown  in 
the  upper  right  hand  corner.  This  cost  curve  does  not  include 
land  and  water  damages,  right-of-way,  special  structures  or 
supervision.    Each  curve  is  based  on  the  following  unit  prices : 


Excavation  dry,  slope  1  to  1,  including 

soil  stripping $0.35  per  cubic  yard 

Embankment  and  refill 30  per  cubic  yard 

Soil  dressing,  re-excavation  and  placing  .40  per  cubic  yard 
Concrete  masonry,  including  cement  and 

forms    7.50  per  cubic  yard 

Lumber    50.00  per  M  feet  B.  M. 


The  earth  quantities,  regarding  which  the  greatest  uncer- 
tainty must  exist  in  the  preliminary  estimates,  are  purposely 
given  fairly  high  unit  prices  in  these  estimates.  Most  of  the 
earth  work  in  dry  trench  could  be  done  by  steam-shovel,  trench 
machine,  scraper,  or  other  labor  saving  machinery,  and  the 
prices,  including  a  reasonable  profit,  should  be  less  than  here 
given.  No  allowance  is  made  for  borrow  in  the  estimate  of 
embankment  and  refill,  but  a  price  of  15  cents  to  25  cents  has 
been  made  for  spoil  in  proportion  to  the  length  of  overhaul. 
In  most  localities  it  should  be  possible  to  secure  the  necessary 
depth  of  soil  from  the  surface  of  the  excavation. 

It  should  be  possible  to  place  the  concrete  masonry  in  the 
aqueduct,  with  present  prices  of  cement,  for  $7.50  per  cubic 
yard,  although  there  is  less  margin  of  safety  in  this  than  in 
the  earth  quantities,  because  it  has  been  possible  to  compute 
the  masonry  yardage  more  closely.  Sand  is  everywhere  abund- 
ant, and  gravel  would  be  found  occasionally  in  the  trench. 

Liberal  estimates  on  the  cost  of  handling  the  water  by 
means  of  temporary  driven  wells,  show  that  the  cost  would  be 
about  $5.60  per  foot  of  aqufeduct  when  the  ground-water  level 
is  2  feet  or  less  above  the  subgrade.  This  cost  would  increase 
about  40  cents  per  foot  for  each  additional  foot  of  ground- 
water in  the  trench,  because  of  additional  pumpage  required 
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to  keep  the  ground-water  at  a  lower  depth.  The  cost  of  $6 
per  foot  in  three  feet  of  water  where  the  excavation,  for  ex- 
ample, amounts  to  20  to  30  cubic  yards  per  linear  foot,  would 
add  20  or  30  cents  per  yard  to  the  excavation,  but  this  method 
would  be  cheaper  Jhan  the  less  desirable  plan  of  handling  the 
water  in  the  trench,  which  is  estimated,  with  platforms  and 
central  drains,  to  cost  $9  per  foot,  with  the  same  depth  of 
water  above  subgrade. 

CONNECTIONS  WITH  RIDGEWOOD  SYSTEM 

The  cross  connection  between  the  proposed  aqueduct  and 
the  old  brick  conduit  at  Spring  creek  is  estimated  as  an  8- foot 
aqueduct  with  a  nominal  capacity  of  100  million  gallons  per 
day.  The  proposed  branch  aqueduct  from  Hempstead  storage 
reservoir  to  the  Suffolk  County  aqueduct  is  also  planned  as 
an  8-foot  conduit,  and  the  capacity  is  also  estimated  at  100 
million  gallons  per  day. 

Several  special  stnictures  in  addition  to  the  connection 
mentioned  above  are  included  in  the  estimate  of  this  branch 
aqueduct,  a  gate-house  and  connection  with  existing  works  at 
the  reservoir,  a  culvert  at  Smiths  pond,  blow-off,  gaging  and 
inspection  manholes  and,  for  the  southerly  alternative  location, 
a  crossing  of  the  Long  Island  railroad. 

A  connection  is  also  estimated  from  the  proposed  branch 
aqueduct  from  Hempstead  storage  reservoir  to  the  old  brick 
conduit.  Another  connection  to  the  proposed  Suffolk  County 
aqueduct  is  proposed  from  the  Millburn  pumping-station. 
This  is  estimated  as  a  reinforced  section,  seven  feet  in  diam- 
eter, and  is  designed  to  carry  70  million  gallons  per  day,  some- 
what more  than  the  full  deliverv  of  the  *'  new  conduit."  Esti- 
mates  include  necessary  changes  in  piping  at  Millburn  pump- 
ing-station, and  a  right-of-way  for  the  connection.  A  similar 
connection  of  the  same  capacity  is  estimated  between  the  main 
aqueduct  and  the  new  pumping-station  proposed  by  the  De- 
partment of  Water  Supply  at  Massapequa.  This  would  be 
built  on  a  grade  to  deliver  by  gravity  the  first  instalhnent  of 
the  Suffolk  County  ground-waters  to  Massapequa  and  to  the 
City  through  the  proposed  Massapequa  pumping-station  and 
the  proposed  extension  of  the  72-inch  pipe-line. 

SPECIAL  STRUCTURES 

The  complete  tojx)graphicaI  surveys  of  the  proposed  right- 
of-way  have  permitted  the  special  structures  to  be  studied  in 
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greater  detail  than  is  ordinarily  possible  for  preliminary  esti- 
mates on  a  project  of  this  kind. 

GATE-IlorSE    AND   APPl'RTEN ANCES 

Gate-houses  have  been  planned  at  cross  connections  be- 
tween the  Suffolk  County  aqueduct  and  the  Ridgewood  con- 
duits, at  junctions  with  aqueducts  and  conduits  from  reser- 
voirs and  pumping-stations  of  the  Ridge  wood  system,  at  junc- 
tions of  the  proposed  branch  aqueducts  in  Suffolk  county,  and 
at  other  points  where  overflows  and  siphon  chambers  are  sug- 
gested. These  gate-houses  are  tabulated  below  with  ai>purte- 
nances  provided  at  each : 


Station 
FROM  Location'  Near  Appurtenanchs 

RlDGEWOOD 

NASSAU    county 

482+40    Beginning  Valley  Stream  siphon.  .    Valley  Stream.   Gates,  siphon  chamber 

488+50    Valley  Stream  siphon Valley  Stream.  Gates,    pumps,    culvert 

and  blow-off 

."506+40    End  Valley  Stream  siphon Valley  Stream.  Gates,  siphon  chamber 

631  +90   Junction  Hempstead  branch  con-  Rockville  Gates,    blow-off,    over- 

duit Center flow,    connection    for 

Hempstead    branch 
conduit 
954+00    East  Newbridge  stream Merrick Gates,    culvert,    drain- 
age valve,  overflow 

1.186  +00    Massapequa  stream Massapequa .  .    Gates,  culvert,  overflow, 

drainage  valve,  con- 
nection from  pumi>- 
ing-station 

SUFFOLK    COUNTY 

1,572  +71    Junction  Melville  aqueduct Babylon Gates,  overflow 

2,068+21    Junction  Connetquot  aqueduct. .  .    Great  River  .  .    Gates,  siphon  chamber, 

overflow 

2,174  +75    End  Connetquot  siphon Great  River..  .    Gates,  siphon  chamber 

2,320+00    West  branch.  Browns  creek Sayvillc Gates,     culvert,     over- 
flow, blow-off 

2,492  +75    Patchogue  lake Patchogue   .  .  .    Gates,  overflow 

2,852+14    Junction  Carman's  aqueduct Brookhaven  .  .     Gates,  siphon  chamber 

2.940  +32    End  Carman's  siphon Brookhaven  .  .    Gates,  siphon  chamber 

3,255+25    Terrell  river East  Moriches-  Gates,  overflow,  culvert, 

blow-off 

3.354  +75    Beginning  Seatuck  siphon East  Moriches.  Gates,  siphon  chamber 

3,367+75    End  Scatuck  siphon East  Moriches.  Gates,  siphon  chamber 

3,721  +75    Junction  Peconic  aqueduct O^ORue Gates,  siphon  chamber 

3.771  +75    End  Quantuck  siphon Quogue Gates,  siphon  chamber 


The  cost  of  a  gate-house  is  estimated  for  those  below:  Nassau  County  line  and 
Oakdale,  at  $9,000  each;  10-inch  drainage  gates,  $75;  manholes,  $75;  21-inch 
blow-off.  $300 

In  the  type  of  gate-house  adopted  for  estimates  of  cost  the 
overflows  are  designed  to  discharge  a  large  volume  of  water 
when  the  stop-planks  are  removed  and  the  gate-houses  are 
placed  sufficiently  near  together  to  relieve  the  aqueduct  of 
undue  pressure  in  the  event  of  interruptions  to  the  flow. 
Grooves  for  stop-planks  would  be  provided  for  the  purpose 
of  cutting  oflF  sections  for  cleaning  and  repairs. 
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Culverts 

The  type  of  culvert  adopted  in  the  preliminary  estimates 
of  cost  is  shown  on  Sheet  103,  Ace.  L  668.  The  sizes  of  the 
culverts  are  estimated  liberally  to  take  care  of  infrequent  floods 
on  the  Long  Island  watersheds,  occasioned  by  warm  rains  on 
snow  covered,  frozen  ground.  The  sizes  have  been  based  upon 
observations  of  a  freshet  on  February  26,  1902,  by  the  Depart- 
ment of  Water  Supply,  which  indicated  that  for  small  water- 
sheds of  less  than  seven  square  miles,  a  run-oflF  of  three  inches 
in  24  hours  may  be  expected,  and  that  the  discharge  of  the 
larger  watersheds  was  proportionately  less.  A  watershed  of 
30  square  miles  yielded  about  one  inch  in  24  hours.  The  cul- 
verts have  been  computed  on  the  assumption  that  a  backing 
up  of  four  feet  on  the  up-stream  side  was  permissible,  except 
where  such  would  endanger  the  safety  of  the  existing  aque- 
ducts and  pipe-lines  which  at  some  points  have  insufficient 
culvert  capacity.  Allowance  has  been  made  for  an  entry  head 
equal  to  50  per  cent,  of  the  velocity  head  through  the  culvert. 
The  selection  of  the  proper  culvert  sizes  for  any  given  water- 
shed area  has  been  facilitated  by  the  construction  of  the  dia- 
gram on  Sheet  104,  Ace.  LJ  135.  The  location  of  the  overflows, 
gate-houses,  blow-offs  and  drainage  gates,  are  shown  on  the 
profiles  of  the  aqueduct,  Sheets  86  to  96,  inclusive.  Blow-oflFs 
have  been  placed  at  frequent  intervals,  because  it  would  be 
necessary  to  empty  the  aqueduct  rapidly  for  cleaning  or  repairs 
in  consequence  of  thef  small  amount  of  storage  that  is  provided 
in  the  distributing  reservoirs  of  Brooklyn  borough. 

Manholes 

Special  manholes  and  blow-oflFs  have  been  estimated  in  ac- 
cordance with  the  standard  design  for  the  Catskill  aqueduct, 
with  24-inch  gates  and  drainage  pipes. 

Gaging  manholes  of  the  standard  Catskill  pattern  are  pro- 
posed on  the  main  aqueduct  at  Lynbrook,  Freeport,  Amityville, 
Babylon,  Oakdalc,  South  Haven  and  Westhampton ;  on  the 
cross  connections  to  the  old  conduit  at  Spring  creek ;  on  the 
branches  to  Hempstead  storage  reservoir,  Millburn  pumping- 
station,  and  to  Massapequa  station ;  and  on  the  branch  aque- 
ducts in  Suffolk  county  near  their  junction  with  the  main  line. 

Inspection  manholes  would  be  provided  on  the  aqueducts 
in  Nassau  and  Queens  counties  at  intervals  of  V4  mile,  and 
throughout  the  entire  works,  at  the  ends  of  siphons  where 
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gate-houses  and  siphon  chambers  are  not  planned.  The  man- 
holes of  the  aqueducts  in  Suffolk  county  would  be  placed  as  far 
as  possible  opposite  the  wells  to  admit  of  inspection  and  repairs 
to  connections. 

Railroad  Crossings 

The  main  aqueduct  crosses  the  Long  Island  railroad  at 
several  points ;  the  Rockaway  branch  near  Aqueduct ;  the  old 
Rockaway  line  between  Springfield  ami  Rosedale ;  the  two 
single  track  branches  at  Valley  Stream ;  the  Long  Beach  branch 
at  Lynbrook;  the  Montauk  division  (double  track)  at  Rose- 
dale  ;  the  Hempstead  branch  between  Lindenhurst  and  Baby- 
lon, and  the  branch  from  Eastport  to  Manor  at  Kasti>ort. 

It  has  been  assumed  that  the  Long  Island  railroad  would 
take  care  of  its  tracks  at  The  City's  expense.  An  estimate  of 
$LS(X)  for  each  crossing  has  been  allowed,  and  an  additional 
thickness  of  12  inches  of  concrete  is  proposed  to  carry  the  train 
loads. 

Xo  allowance  has  been  made  for  crossing  street  railways 
within  the  City  limits,  since  it  is  assumed  they  are  in  the  pub- 
lic highways  and  must  look  out  for  themselves;  elsewhere 
$1300  has  been  allowed  for  each. 

AQUEDUCT  RIGHT-OF-WAY 

Width  of  Taking 

The  land  for  the  aciueducts  in  Suffolk  county  would  be 
provided  by  the  proposed  takings  for  the  collecting  works.  In 
Nassau  and  Queens,  where  the  land  is  not  already  owned  by 
The  City,  it  is  proposed  to  purchase  a  right-of-way  100  to  150 
feet  in  width.  Enough  land  has  been  estimated  to  cover  what 
may  be  necessary  for  borrow-pits  or  sp<:)il-banks,  or  for  other 
construction  purposes.  The  price  estimated  for  these  lands  has 
been  estimated  upon  the  basis  of  the  cost  of  land  purchased  by 
The  City  in  the  same  locality,  including  the  cost  of  necessary 
legal  proceedings  and  surveys. 

Improvement  of  Rk.iit-of-wav  in  Xassau  County 

It  is  proposed  to  seed  all  aqueduct  embankments  and  main- 
tain a  sod  to  protect  the  slopes.  The  right-of-way  from  Suf- 
folk county  to  Ridgewood  pumping-station  would  be  fenced 
and  improved  as  proposed  in  Suffolk  county.  Parks  would 
be  maintained  on  the  right-of-way  within  the  villages  of  Mill- 
burn,  Freeport,  Alerrick,  Bcllmore,  Wantagh  and  Massapequa. 
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PROPOSED  PUMPING-STATIONS 

BY  ROBERT  W.  STEED,  MECHANICAL  ENGINEER 

Two  pnniping-stations  are  proposed  for  the  Suffolk  County 
transportation  works ;  one  at  the  westerly  end  of  the  main 
aqueduct  near  the  site  of  the  present  Ridgewood  stations  to 
pump  the  entire  Suffolk  County  supply  into  the  distribution 
system  of  Brooklyn  and  other  boroughs ;  the  other  station  near 
Riverhead  to  lift  the  Peconic  X'alley  waters  over  the  hill  to 
the  main  south  shore  aqueduct. 

RIDGEWOOD  PUMPIXG-STATIOX 

It  is  proposed  to  place  the  pumping-station  and  the  coal 
storage  plant  on  the  southerly  end  of  the  land  owned  by  The 
City,  on  the  south  side  of  Atlantic  avenue,  and  in  part  occu- 
pied by  the  Ridgewood  new  pumping-station,  as  shown  on 
Sheet  108,  Ace.  5041.  The  pumps  of  this  present  station  have 
been  in  operation  some  years ;  they  are  not  efficient  and  re- 
quire frequent  repairs,  so  that  the  whole  station  could  well 
be  abandoned  on  the  completion  of  the  large  pumping-station 
here  proposed,  and  the  land  fronting  on  Atlantic  avenue  de- 
voted to  park  purposes,  or  utilized  in  the  future  for  another 
station. 

Type  of  Machinery  for  Station  ICoriPMEXT 

The  normal  capacity  of  the  station  would  be  250  million 
gallons  daily,  the  maximum  capacity  300  million  gallons  daily, 
and  the  supply  would  be  pumped  against  a  distribution  pres- 
sure in  the  City  mains  estimated  for  the  future  at  220  feet 
on  the  B.  W.  S.  datum.  The  station  would  be  equipped  for 
the  complete  development  with  8  high-duty  vertical  triple- 
expansion  fly-wheel  engines,  each  having  a  normal  capacity 
of  35  million  gallons  daily,  and  a  maximum  delivery  of  42 
million  gallons  daily.  With  a  steam  pressure  of  150  pounds 
per  square  inch,  the  size  of  each  engine  would  be  about  42 
inches  and  7i  inches  and  110  inches  by  40;^  inches  by  72 
inches  stroke,  piston  s])eed  240  feet  per  minute. 

Steam  would  be  supplied  by  5  batteries  of  water-tube 
boilers  each  1000  H.P..  of  which  one  would  be  a  reserve.  All 
boilers  would  be  fitted  with  mechanical  stokers,  fed  by  weigh- 
ing hoppers  which  receive  coal  from  bins  above  the  boilers. 
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The  coal  would  be  carried  from  a  coal  storage  building  to 
these  bins  by  a  conveyor,  which  would  also  remove  the  ashes. 
The  capacity  of  the  coal  storage  building  would  be  about 
10,000  tons,  and  that  of  the  bins  over  the  boilers  about  3,000 
tons,  making  a  total  of  13,000  tons.  This  would  be  sufficient 
for  75  days'  run  when  completed  station  is  running  at  average 
capacity. 

The  general  lay-out  of  the  engine  room  and  boiler  house 
of  the  proposed  plant  is  shown  on  Sheet  109,  Ace.  5043,  and 
that  of  the  coal  storage  building  on  Sheet  110,  Ace.  5042. 

Station  Buildings 

The  buildings  for  the  proposed  plant  would  be  constructed 
in  a  plain,  substantial  manner,  with  sufficient  ornament  to 
make  them  an  attractive  feature  of  the  great  thoroughfare 
within  the  City  limits  on  which  they  would  be  located. 

Progressive  Equipment  of  Station 

The  proposed  collecting  works  in  Suffolk  county  would  be 
constructed  in  successive  stages  and  the  pumping-station  at 
Ridgewood  need  only  be  equipped  at  any  stage  with  a  suffi- 
cient number  of  boilers  and  engines  to  pump  the  maximum 
yield  of  the  collecting  works  at  that  time.  The  buildings, 
stack,  coal  storage,  coal  conveyor,  the  foundations  for  all 
boilers  and  engines  and  the  pump-well,  would  be  complete 
at  the  first  installation. 

The  equipment  of  the  station  for  the  first  three  stages 
of  the  Suffolk  County  development  is  estimated  as  follows : 


'-'  -                       —         —             •    - 

— 

Total 
Number 

OF 

Boilers 

Stages  of 
Development 

Normal  Pumpage 

of  Stations 

IN  Million 

Gallons  Daily 

Maximum 

Pumpage  During 

Months  of 

Large  Demand 

IN  Million 
Gallons  Daily 

Number 

OF 

Plumping 
Engines 

1 

2 

3 

70 
150 
220 

120 
240 
300 

2 
4 
5 

4 
7 
8 

On  the  completion  of  the  third  stage,  the  station  would 
have  a  capacity  equivalent  to  that  of  the  proposed  Suffolk 
County  aqueduct  and  no  further  additions  need  be  made,  as 
the  collecting  works  are  pushed  on  into  Suffolk  county. 
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Estimated  Cost  of  Station 

The  piimping-station  is  estimated  to  cost  as  follows,  com- 
plete with  station  buildings,  coal  handling  plant,  and  founda- 
tions for  entire  equipment.  No  allowance  is  made  at  this  point 
for  engineering  and  contingencies : 


Stage  of 
construction  Total  cost 

1 $1,977,900 

2 2,543,000 

3 2,738,500 


The  detailed  estimates  of  cost  of  the  complete  Ridgewood 
station  are  shown  below.  Except  as  noted,  excavation  for 
foundations  has  been  estimated  at  $1.50  per  cubic  yard.  Con- 
crete has  also  been  figured  at  $8.00  per  cubic  yard. 

cost  of  ridgewood  pumping-station 


FOUNDATIONS 

Engines,  boilers,  economizers  and 
tunnels    under    boilers,    and 

between  buildings 4,175  cubic  yards  concrete S33,400 

6.100  "  "  excavation 9,160 

Stack 275  "  "  concrete 2.200 

380  "  "  excavation 570 

Water  intake 1,780  *'  "  concrete 14,200 

16,250  "  "  excavation 24.400 

Main  Building 3.550  "  "  concrete 28.400 

27.500  *'  "  excavation  at  $1.25.  34.500 

Coal  storage  building 1.500  "  "  concrete 12.000 

3.000  "  "  excavation 4,500 

$163,320 

BUILDINGS 

Pumping-station $703,000 

Coal  storage 211.611 

EQUIPMENT 

Eight  35  million  gallons  daily  pumping-engines $1,400,000 

Suction  and  discharge  pipes 28,600 

Steam  piping  and  covering 15,400 

5,000  H.P.  of  boilers 101.000 

Boiler  feed  pumps 1,000 

Economizers 26,500 

Stack 8,900 

Coal  handling  equipment 60.000 

Traveling  crane 7.400 

Electrical  equipment 12.000 

$1,660,700 

Total $S,78t.600 


$914,800 


The  total  cost  of  coal  storage  plant  may  possibly  be  re- 
duced by  the  installation  of  a  Dodge  coal  storage  system  some- 
what similar  to  that  used  at  present  by  the  Xew  York  Edison 
Company,  at  Shady  Side,  N.  J.,  and  the  Nassau  Light  and 
Power  Company,  Glenwood,  N.  J.  These  are  described  in 
the  Engineering  Record  of  May  13,  1905,  and  April  14,  1906. 
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Cost  of  Operating  Plant 

in  order  to  make  a  safe  estimate  of  the  daily  station  duty 
oi  a  pumping-plant  of  this  size,  it  was  deemed  advisable 
before  working  up  these  preliminary  designs,  to  study  the 
pumping  statistics  of  some  of  the  large  cities  of  the  United 
States.  In  all,  17  different  city  reports  have  been  carefully 
gone  over,  and,  where  possible,  the  station  duty  of  the  two 
different  types  of  high-duty  pumps  (direct  acting  and  crank 
fly-wheel)  has  been  tabulated. 

The  City  of  New  York  has  no  modern  high-duty  pumps 
such  as  are  installed  by  many  other  cities;  the  prevailing  type 
in  use  is  the  Worthington  direct  acting  pump  with  high-duty 
attachment.  At  the  179th  Street  station  there  are  four  old 
btyle  crank  and  fly-wheel  pumps  made  by  the  Blake  Manufac- 
turing Company,  but  the  duty  of  these  engines  is  very  little, 
if  any.  better  than  that  of  the  two  Worthington  high-duty 
pumps  in  the  same  station. 

Table  30  is  a  tabulation  of  the  station  duties  of  several 
cities,  each  having  Worthington  high-duty  pumps.  This  table 
shows  that  the  New  York  pumps  are  doing  better  work  per 
100  pounds  of  coal  than  those  of  the  same  design  in  other 
cities,  indicating  that  the  pumps  here  are  in  good  condition 
and  under  good  management.  Referring  to  Table  31  it  will 
be  seen  that  the  Worthington  pumps  in  New  York  are  doing 
as  well,  and  better  in  some  cases,  than  the  more  expensive 
fly-wheel  pumps  in  some  other  cities.  The  cause  of  poor  re- 
sults shown  by  fly-wheel  engines  in  these  cities  is  bad  man- 
agement and  neglect,  as  there  is  no  reason  why  they  should 
not  do  better  than  the  direct  acting  engines. 

Table  32  shows  a  list  of  high-duty  vertical  triple  expansion 
fly-wheel  engines,  which,  with  one  exception,  have  a  duty  of 
100  million  foot  pounds  or  over  for  each  100  pounds  of  coal. 
These  are  all  modern  engines  except  the  Blake  pump  in 
Toronto. 

In  order  to  arrive  at  a  safe  station  duty  for  the  projK)sed 
Ridgewood  system  we  should  consider  the  following  facts : 

(1)  Proposed  pumps  are  of  lar^c  capacity  (35  million  gal- 

lons daily  each)  and  are  estimated  to  work  against  a 
high  head  (220  feet). 

(2)  Steam   would  be   furnished  by   water-tube   boilers   in 

batteries   of   1000   H.P.   each.     Two  boilers   would 
make  up  one  battery,  instead  of  a  large  number  of 
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small  boilers,  as  at  present  in  many  stations  of  New 
York  Citv. 

(3)  Boilers  would  be  fired  by  mechanical  stokers. 

(4)  The  City  uses  a  good  grade  of  coal  (broken  anthracite). 

(5)  The  good  showing  per   100  pounds  of  coal  made  by 

New  York  high-duty  pumps. 

(6)  This  would  be  the  largest  pumping-station  in  America, 

and  would  contain  the  largest  pumping-engines  ever 
built  in  this  country,  about  1450  indicated  horse 
power  each.  It  would,  no  doubt,  be  an  exhibition 
station.  Such  being  the  case,  the  machinery  would 
receive  better  care  than  that  of  an  ordinary  pump- 
ing-plant. 

(7)  A  growing  tendency   toward  higher  test   and   station 

duties  in  many  cities,  due  to  better  machinery,  bet- 
ter engineers  and  the  higher  price  of  coal. 

In  view  of  the  foregoing,  and  the  results  shown  in  Table 
32,  the  writer  thinks  that  it  is  within  the  limits  of  safety  to 
assume  a  station  duty  of  115  million  foot  pounds  per  100 
pounds  of  coal. 

In  estimating  the  cost  of  operating  the  proposed  station 
at  the  above  duty,  the  following  force  of  engineers  and  assist- 
ants is  assumed  to  be  employed  when  the  station  would  be 
completely  equipped.  Salaries  are  based  upon  those  now 
paid  at  the  Ridgewood  station  of  the  Brooklyn  works: 


1   Chief  Engineer $2,500 

3  Assistant  Engineers  at  $1,800  per  annum 5,400 

1  Clerk 1.500 

24  Enginemen  at  $4.00  per  day 35.040 

24  Oilers  at  $3.00  per  dav 26.280 

4  Cleaners  at  $2.00  per  day 2.920 

16  Water  and  coal  tenders  at  $3.00  per  day   17,520 

1   Carpenter  at  $1 ,500  per  annum /  1,500 

1  Painter  at  $4.00  per  dav 1 .252 

2  Machinists  at  $4.00  per  dav 2,505 

2  Machinists  helpers  at  $2.50  per  day 1.564 

1  Steam  fitter  at  $3.50  per  dav 1,092 

1   Steam  fitter  helper  at  $2.50  per  day 782 

1  Foreman  of  Laborers  at  $3.00  per  day 936 

8  Laborers  at  $2.00  per  day 5,008 

90               Total $105,797 

Oil  and  waste $5,000 

Miscellaneous  supplies 5,000 

Repairs  to  pumps,  boilers,  stokers,  coal  conveyors,  etc.,  buildings 

and  grounds 35.000  46,000 

65.100  tons  of  coal  at  $4.95  per  ton 322,245 

Total $47S,0i2 

Cost  of  pumping  1  million  gallons  1  foot  high  from  above  figures  is $0.0237 

(This  cost  per  million  foot-gallons  does  not  include  interest  on  invest- 
ment nor  depreciation) 

For  safety,  this  figure  has  been  increased  in  final  estimates  to $0,025 
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It  is  interesting  to  compare  this  estimated  cost  with  the 
published  costs  of  pumping  in  other  cities,  which  are  shown 
in  Table  33.  Evidently  other  large  high-duty  engines  have 
shown  much  greater  economy  than  here  estimated,  and  a 
lower  figure  than  the  above  should  be  realized. 

Sheets  106  and  107,  Aces.  5292  and  5308  show  estimated 
costs  of  pumping  105,  210,  and  250  million  gallons  daily  at 
Ridgewood  and  at  the  alternate  site  at  Fresh  creek.  In  mak- 
ing estimates  of  cost  of  coal  at  the  proposed  Ridgewood  sta- 
tion, a  price  of  $4.95  is  assumed ;  this  is  the  amount  The  City  is 
now  paying  for  coal  delivered  by  rail  at  this  site.  Smaller  sizes 
of  anthracite  might  be  used  and  thus  effect  much  economy  in 
operation,  but  the  above  figure  is  adopted  to  be  on  the  safe 
side. 

ALTERNATIVE  SITE  FOR  STATION  AT  FRESH 

CREEK 

For  comparison  with  the  project  for  a  station  at  Ridge- 
wood, another  site  has  been  investigated  at  the  head  of 
Fresh  creek,  north  of  Canarsie,  where  tide-water  coal  could 
be  secured  by  some  expenditure  for  dredging.  The  location 
suggested  for  this  station  is  shown  on  Sheet  111.  Ace.  5039. 
The  general  arrangement  of  the  engine  room  and  boiler  house, 
and  the  coal  storage  plant  which  has  been  worked  out  in  some 
detail,  does  not  differ  much  from  that  of  the  Ridgewood 
station  and  is  not  reproduced  here. 

The  Fresh  Creek  site  offers  some  economy  in  operation 
because  of  cheaper  coal  at  tide  water.  Mr.  Rudolph  Reimer, 
who  furnishes  the  coal  for  the  present  Ridgewood  station, 
states  that  he  could  deliver  coal  by  water  at  the  Fresh  Creek 
site  alongside  for  $4.55  per  ton,  but  estimates  are  based  on 
$4.60  per  gross  ton.  Furthermore,  the  adoption  of  the  Fresh 
Creek  location  would  avoid  the  heavy  excavation  for  the 
aqueduct  on  the  Ridgewood  line  west  of  Pitkin  avenue,  and 
would  also  avoid  the  danger  during  construction  of  interrupt- 
ing the  supply  in  the  present  conduits  running  to  the  existing 
Ridgewood  stations.  There  would  also  be  some  saving  at  the 
Fresh  Creek  site  in  shorter  force  mains  to  the  trunk  distribu- 
tion mains,  but  these  savings  would,  in  a  measure,  be  offset 
by  a  longer  aqueduct  to  ]^>esh  creek,  by  the  cost  of  siphons 
under  the  large  trunk  sewers  on  this  line,  expenditures  for 
land  for  the  station,  and  by  the  cost  of  dredging  out  a  chan- 
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nel  in  Fresh  creek  to  make  it  navigable.     Sheet  105,  Ace.  LJ 
136,  shows  design  of  siphon  on  this  line. 

A  comparison  of  the  total  cost  and  annual  expense  of  op- 
eration at  these  sites,  including  the  fixed  charges  on  the 
cost  of  the  complete  works  is  given  in  the  following  table, 
assuming  an  average  pumping  of  250  million  gallons  per  day : 

COMPARISON  OP  RIDGEWOOD  AND  FRESH  CREEK  SITES 
FOR  PROPOSED  PUMPING-STATION 


Proposed  Altrrnativb 

Items                                           Ridgewgoo  Fresh  Creek 

Station  Station 

COST  of  aqueduct  and  station  from  common  point  near  fresh  creek 

Land $100,000 

Pumping-station  complete S2.738.500  2.008.500 

Aqueduct  and  appurtenances 625.620  1 ,278.840 

Force  mains 1,437.960  421,280 

Engineering  and  contingencies 060,420  921,720 

Total $f,76S,600  $6,M0,S40 

FIXED  CHARGES 

Interest.  4  per  cent $230,500  $225,214 

Sinking  fund,  0.887  per  cent 51,113  40.041 

operating  EXPENSES 

Extraordinary  repairs  and  depreciation '    02,762  73,736 

Operation 501,875  470.000 

Total  annual  expenditures $876,S60  $827,981 


<r 


« 


There  would  evidently  be  a  saving  of  $48,000  in  annual 
operating  expenses  in  choosing  the  Fresh  Creek  site.  This, 
however,  would  doubtless  be  reduced  by  some  economy  in 
labor  and  superintendence  at  the  Ridgewood  site  in  having 
all  the  Brooklyn  pumping-stations  together,  so  that  the  actual 
saving  for  a  year  might  not  exceed  $40,000.  A  part  of  this 
saving  is  due  to  the  shorter  force  mains  from  the  Fresh  Creek 
station,  as  estimated  in  some  preliminary  studies  of  a  new 
distribution  system,  and  the  final  studies  may  not  be  as  fav- 
orable for  this  site.  Furthermore,  the  estimate  on  tide-water 
coal  does  not  include  any  dredging  below  Fresh  creek,  it  be- 
ing assumed  that  the  present  channel  in  Jamaica  bay  is  navi- 
gable for  coal  barges.  Perhaps  the  work  of  improvement  that 
has  been  suggested  in  Jamaica  bay  would  be  completed  by 
the  time  the  station  was  finished.  Coal  is  now  brought  to 
Canarsie  by  water  and  could  doubtless  be  carried  in  barges 
to  the  station  on  Fresh  creek  after  the  dredging  here  estimated 
was  done,  but  unless  the  work  of  improvement  is  taken  up, 
Jamaica  bay  may  not  be  safely  navigable  for  large  barges  for 
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many  years.  The  Ridjewood  site  is  therefore  proposed  for 
the  preliminary  estimates  of  cost.  Further  investigation  is 
desirable. 

RIVERHEAD  PUMPING-STATION 

An  equipment  of  centrifugal  pumps  electrically  driven 
from  a  central  power-station  would  be  installed  near  Sweezy 
pond,  at  Riverhead,  at  the  lower  end  of  the  Peconic  aqueduct 
and  collecting  works.  This  station  is  shown  on  Sheet  112, 
Ace.  5345,  and  is  estimated  to  cost,  with  equipment,  $75,000, 
exclusive  of  an  allowance  for  engineering  and  contingencies, 
which  is  added  in  the  total  estimates.  The  average  supply  of 
30  million  gallons  per  day  (maximum  50  million  gallons  daily) 
would  be  delivered  through  two  48-inch  cast-iron  mains,  3}i 
miles  in  length  to  the  summit  of  the  hill  towards  Westhamp- 
ton,  against  a  total  head,  including  friction  losses,  of  70  feet. 
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COST  OF  SUPPLY  FROM  THE  PROPOSED  SUFFOLK 

COUNTY  WORKS 

BY  WALTER  E.  SPEAR,  DIVISION   ENGINEER 

The  items  of  cost  of  the  proposed  Suffolk  County  works, 
which  are  discussed  in  detail  in  the  several  appendices  of  this 
report,  are  assembled  in  this  chapter  and  the  probable  cost  of 
the  supply  computed.  The  estimates  on  land  and  water  damages 
have  been  based  upon  the  payments  of  the  Department  of 
Water  Supply  in  Nassau  county  during  the  past  few  years, 
making  a  liberal  allowance  for  surveys  and  legal  expenses.  In 
all  items  of  cost,  20  per  cent,  has  been  added  to  cover  engi- 
neering and  unforeseen  contingencies.  The  various  estimates 
given  in  this  appendix  are  summarized  and  compared  in  the 
main  report,  pages  93  to  101. 

COST  OF  WORKS  FOR  250  MILLION  GALLONS  PER 

DAY 

As  already  noted  in  the  preceding  pages,  the  Suffolk  County 
works  would  be  constructed  in  successive  stages,  at  intervals 
of  five  or  six  years,  as  required  to  meet  the  growing  consump- 
tion of  the  City.  Before  the  first  stage  of  construction  could 
be  completed,  the  long  aqueduct  built  from  SuflFolk  county  to 
Brooklyn  borough,  and  the  pumping-station  erected  at  Ridge- 
wood,  it  would  be  possible,  upon  the  extension  of  the  proposed 
72-inch  pipe-line  to  Massapequa  and  the  erection  of  the  pro- 
posed pumping-station  at  that  point  by  the  Department  of  Water 
Supply,  to  deliver,  perhaps,  50  million  gallons  per  day  to  Brook- 
lyn through  the  Ridgewood  system.  Estimates  have  therefore 
been  made  on  a  preliminary  stage  of  the  Suffolk  County  works, 
which  might  be  completed  within  two  years  after  the  time  of 
beginning  work,  to  furnish  an  emergency  supply  for  Brooklyn 
borough. 

The  works  required  to  deliver  this  emergency  supply  from 
Suffolk  county  through  the  Ridgewood  system  would  com- 
prise the  first  10  miles  of  the  aqueduct  and  collecting  works, 
easterly  from  the  Nassau-Suffolk  County  line,  a  temporary 
power-station   near   Babylon,    about   two  miles   of   the   main 
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aqueduct  from  the  Suffolk  County  line  to  Massapequa  Supply 
pond,  and  a  connection  on  the  east  side  of  this  pond  from  the 
aqueduct  to  the  proposed  station  of  the  Department  of  Water 
Supply  at  Massapequa. 

The  extent  to  which  the  proposed  Suffolk  County  system 
would  be  completed  at  each  stage  of  construction  is  summar- 
ized below: 


Average  Supply 

FOR  New 

Stage         York  City 

Million 

Gallons  Daily 


Extent  op  Works 
Constructed  for  This  Stage 


Preliminary 


50         Construction  of  10  miles  of  aqueduct  and  collecting  works 
from  Nassau  County  line  to  fiayshore.     Temporary  power- 

Slant  and  2  miles  of  main  aqueduct  from  Suffolk  county  to 
lassapequa  with  connection  to  Ridgewood  system 


1 70         Completion  of  main  aqueduct  from  Suffolk  county  to  Brooklyn 

borough  and  pumping-station  near  Ridgewood  with  equip- 
ment for  pumping  120  million  gallons  daily.  Extension  of 
aqueduct  and  collecting  works  in  Suffolk  county  to  Great 
River,  14.7  miles  from  Nassau  County  line,  and  construction 
of  permanent  power-station  near  Patchogue 

2 150         Extension  of  aqueduct  and  collecting  works  from  Great  River 

to  South  Haven,  29.5  miles  from  Nassau  County  line. 
Installation  equipment  for  pumping  240  milliongallons  daily 

3 220         Extension   of   aqueduct   and    collecting    works   from    South 

Haven  to  the  end  of  the  south  shore  development  at  Quogue, 
48.4  miles  from  Nassau  County  line,  (completion  of  equip- 
ment for  pumping  300  million  gallons  daily 

4 250         Construction  of  aqueduct  and  collecting  works  in  the  Peconic 

valley,  the  pumping-station  near  Riverhead,  and  the  force 
mains  and  aqueduct  from  this  station  to  the  south  shore 
aqueduct  at  Westhampton 

5 250         Completion  of  entire  works  by  building  the  aqueducts  and 

collecting  works  on  the  three  branch  lines  into  the  center 
of  the  island 


COST  OF  WATER  FROM  THESE  WORKS 

The  cost  of  these  works  at  the  several  stages,  and  the  cor- 
responding cost  of  the  supply  per  million  gallons,  which  have 
been  summarized  in  Table  2,  page  99,  is  shown  in  detail  in 
Table  34.  The  estimates  of  the  annual  charges,  shown  in  this 
tabic,  include  the  fixed  charges  and  the  entire  operating  ex- 
penses at  each  stage.  From  the  annual  expenditures  on  each 
project,  the  cost  of  each  million  gallons  of  the  total  supply  de- 
livered into  the  mains  of  Brooklyn  against  the  full  distribu- 
tion pressure  has  been  found.  This  figure  represents  the  prob- 
able actual  cost  to  the  taxpayer  of  each  million  gallons  sup- 
plied from  the  SuflFolk  County  sources,  exclusive  of  the  charges 
on  the  distribution  system. 
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TABLE    34 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.    Project  for  Permanent  Sup- 
ply OF  250  Million  Gallons  Daily.    Preliminary 
Stage.    Average  Supply  of  50  Million 

Gallons  Daily 


Cost 


Taxes 


Extraordinary 

Repairs  and 

Depreciation 


Rate 

Per 

Cent. 


Amount 


Rate 

Per 

Cent. 


Amount 


COLLECTING 

Well  system 

Wells 

Pumps,     motors,    concrete    chambers    below 

ground,  control  and  all  connections 

Transmission  system  substations 

Substation  buildings 

Equipment. 

Line,  poles,  wire,  etc 

Telephones 

Central  power-station 

Buildings  above  ground  and  stack 

Equipment 

Land  for  right-of-way,  borrow-pits.  spoil-banks  and 

roads  

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration  basins  for  utilization  of  surface  flood 

waters 

Conduits  for  diversion   of  water  to  streams  and 
ponds.     Lowering  of   ponds   and   necessary 

changes  in  lieu  of  damages 

Engineering  and  contingencies,  20  per  cent 


WORKS 

$03,600 

226.000 

30.000 

51.000 

90.000 

3.000 

15.000 
235.000 

1.027.000 
500.000 
400.000 
220.000 

276,500 


165.000 
660.420 


1.5 

1.6 
1.0 

1.5 
1.0 


Total $S,96a,5tO 
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Pumping-stations;  buildings  taxed  outside  City  limits  $5,000 
Aqueduct  lines 

Lands  in  Nassau  and  Queens 62,000 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells 2.478.000 

Special  structures 

Above  ground 5,000 

Below  ground 55,000 

Fencing  and  special  improvements,  Queens  and 

Nassau 38,000 

Land  damages,  Queens  and  Nassau 15,000 

Engineering  and  contingencies.  20  per  cent     532.000 

Total $3,190,000 

annual  charges 


Interest  on  total  cost  at  4  per  cent 

binkmg  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year) 

I  axes  and  special  assessments 

extraordinary  repairs  and  depreciation 

Operating  expenses  and  maintenance 


1.5 
1.0 

1.0 


Totals. 


$450 

900 
30 

225 
10.270 


0.4        1.106 


$lt,$01 

$75 
620 

50 


$74S 


Collect- 
ing 
Works 
$158,500 

35.100 

13.000 

.59.900 

128.300 

$S94,$00 


Grand  total , 


5.0 

5.0 

2.0 
4.0 
3.0 
3.0 

25.0 
3.5 


$3,180 

11,300 

600 

2.040 

2,700 

90 

3.750 
8.225 


5.0  20.000 

2.0  4.400 

0.1  277 

2.0  3.300 

. .  $69,$6S 

2.0  $100 


Total  amount  of  water  supplied  in  million  gallons.  365  x  50  - 
^ost  of  supply  per  million  gallons 


0.1  2.480 

2.0  100 

1.0  550 

2.0  760 


$8,990 

Transpor- 
tation 
Works 
$127,600 

28.300 

740 

4.000 

133.860 

$194,000 

$689,300 

18.250 
$37.77 


J     .  ^o  reservoirs  required  in  preliminary  stage  on  salt-water  estuaries  and  no  land  outside  of  aque- 
uci  right-of-way  required  for  central  power-station.     No  temporary  works  in  this  stage. 
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TABLE    34    {Continued) 


Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.   Project  for  Permanent  Sup- 
ply OF  250  Million   Gallons  Daily.      Stage   1. 
Average  Supply  of  70   Million   Gal- 
lons Daily 


Taxes 


Cost 


Extraordinary 

Repairs  and 

Depreciation 


Rate 

Per 

Cent. 


Amount 


Rate 

Per 

Cent. 


Amount 


collecting 
Well  system 

Wells 

Pumps,     motors,     concrete     chambers     below 

ground,  control  and  all  connections 

Transmission  system  substations 

Land  outside  right-of-way 

Substation  buildings 

Equipment 

Line,  poles,  wire,  etc 

Telephones 

Central  power-station 

Land 

Buildings 

Above  ground 

Foundations 

Equipment 

Land  for  right-of-way.  borrow-pits,  spoil-banks  and 

roads 

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration   basins  for  utilization  of  surface  flood 

waters 

Conduits  for  diversion  of    water  to  streams   and 
ponds.     Lowering    of   ponds   and   necessary 

changes  in  lieu  of  damages 

Temporary  works,  preliminary  stage 

Engineering  and  contingencies,  20  per  cent 

Total 


TRANSPORTATION 

Pumping-stations 

Buildings  taxed  outside  City  limits \ 

Equipment 

Aqueduct  lines 

Lands  in  Nassau  and  Queens 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells 

Special  struc  tures 

Above  ground 

Below  ground 

Fencing  and  special  improvements.  Queens  and 

Nassau 

Land  damages.  Queens  and  N'assau 

Temporary  connection  at  Massapequa 

Aqueduct  gate-house 

Engineering  and  contingencies.  20  per  cent 


works 

$81,650 

334,000 

83.000 

42.000 

68.000 

118.000 

4,200 

10,000 

658.000 

64.000 

293,000 

1.819.000 
735.000 
578.000 
266.000 

270.500 


200.000 

15.000 

1,120,070 

$S.774,iS0 

works 

1.078.000 
885.000 

634,000 

8.861.000 

32.000 
438.000 

327.000 

153.000 

60.000 

5.000 

2,494.600 


1.0 
1.5 

1.6 
1.0 

1.0 

1.5 


$830 
630 

i.iso 

42 

100 

9.870 


1.0      18.190 


0.4        1.106 


...    $S1.$48 

1.5    $16,170 
1.0        6.340 


1.0 


320 


Total $1M67,600 

ANNUAL  CHARGES 


Interest  on  total  cost  at  1  per  cent 

Sinking  fund  to  pay  bonds  at  end  of  .50  years,  interest  at  3  per  cent. 

(().SS7  per  cent,  of  cost  per  year) 

Taxes  an'i  special  assessments 

Extraordinary  repairs  and  depreciation 

Operating  expenses  and  maintenance    


Totals. 


$22,890 


Collect- 
ing 
Works 
$270,980 

60,090 

31.950 

OO.-^fiO 

155.030 

$«08,$00 


Grand  total 


Total  amount  of  watT  supplied  in  million  gallons,  365  x  70  — 
Cost  of  supply  per  million  gallons 


5.0 
5.0 


2.0 
4.0 
3.0 
3.0 


50 
2.0 

0.1 


2.0 


$4,083 
16,700 


840 
2.720 
3.540 

126 


2.0        13.160 
1.0  640 

3.5        10.250 


28.90O 
5.320 

277 


4.00O 


fso.sse 


2.0      $21.560 
3.5        30.975 


0.1  8.861 

2.0  640 

1.0  4,380 

2.0  6.540 

0.1  60 

2.0  100 


$78,116 

Transpor- 
tation 
Works 
$598,704 

132.762 
22.830 
73,116 

153,000 

$$80.41S 

$1,889,000 

25.550 
$()2.19 


No  reservoirs  on  salt-water  estuaries,  nor  bui'din^s  on  well  system  required  in  first  s^age. 
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TABLE    34    {Continued) 


Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.    Project  for  Permanent  Sup- 
ply of  250  Million   Gallons  Daily.      Stage  2. 
Average  Supply  of  150  Million  Gal- 
lons Daily 


Taxes 


Cost 


Extraordinary 

Repairs  and 

Depreciation 


Rate  Rate 

Per  Cent.  Amount  Per  Cent.  Amount 


collecting 
Well  system 

Wells 

Buildings 

Pumps,     motors,     concrete    chambers     below 

ground,  control  and  all  connections 

Transmission  system  substations 

Land  outside  right-of-way 

Substation  buildings 

Equipment 

Line,  poles,  wire,  etc 

Telephones. 

Central  power-station 

Land 

Buildings 

Above  ground • 

Foundations 

Equipment 

Land  for  right-of-way,  borrow-pits.  spoil-banks  and 

roads 

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration  basins  for  utilization  of  surface  flood 

waters 

Reservoirs  on  salt-water  estuaries 

Conduits   for  diversion   of   water   to   streams   and 
ponds.     Lowering   of   ponds   and   necessary 

changes  in  lieu  of  damages 

Temporary  works,  preliminary  stage 

Engineering  and  contingencies.  20  per  cent 

Total $10,919,100 

transportation  works 

Pumping-stations 

Buildings  taxed  outside  City  limits 

Equipment 

Aqueduct  lines 

Lands  in  Nassau  and  Queens 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells 

Special  structures 

Above  ground 

Below  ground 

Fencing  and  special  improvements.  Queens  and 

Nassau 

Land  damages.  Queens  and  Nassau 

Engineering  and  contingencies.  20  per  cent 

Total $19,838,900 

ANNUAL  charges 


works 

S223.180 
6,000 

■  •  •  • 

1.5 

k  •  •  ■ 

$75 

5.0 
2.0 

$11,159 
100 

694.000 

•  •  •  ■ 

•  •  •  ■ 

5.0 

34,700 

83.000 

84.000 

129.000 

173.000 

5.800 

1.0 
1.5 

•  ■  ■  • 

1.0 
1.0 

830 
1.260  • 

1,730 

58 

•  •  •  • 

2.0 
4.0 
3.0 
3.0 

V.686 

5,160 

5,190 

174 

10,000 

1.0 

100 

■   •   ■  a 

658.000 

64.000 

508.000 

1.5 

•  ■  •  • 

•  •  •  • 

9.870 

•  •  •  ■ 

2.0 
1.0 
3.5 

13,160 

640 

17,780 

2.280.000 

1.485.000 

1,209,000 

438.000 

1.0 

•  B   •   • 

•  •   ■   « 

•  •   •   • 

22.800 

•  «  •  • 

•  •  •  • 

•  •  '  • 

•  •  •  • 
■  •  •  • 

5.0 
2.0 

60,456 
8.760 

442.000 
301,600 

0.4 
0.2 

1.768 
603 

0.1 
0.2 

442 

603 

300.000 

15.000 

1.821,516 

•  ■  •  • 
■  •  •  • 

•  •  •  ■ 

•  •  ■  ■ 

•  ■  •  • 

2.0 

■  •  ■  ■ 

6.000 

$99,094 


$196,998 


$1,078,000 
1.479,000 

1.5 

■  •  •  • 

$16,170 

•  •  •  « 

2.0 
3,5 

$21,560 
51,765 

634,000 

1.0 

6.340 

•  ■  •  • 

11,885.000 

.... 

■  •  •  • 

0.1 

• 

11.885 

51.000 
504.000 

1.0 

■  •  •  ■ 

510 

■  ■  •  • 

2.0 
1.0 

1.020 
5.040 

327.000 

153.000 

3.222,200 

•  •  •  • 

•  ■  ■  • 
•  •  •  * 

•  •  ■  « 
■  •  >  « 

•  •  «  • 

2.0 

•  ■  ■  • 

6.540 

Interest  on  total  cost  at  4  per  cent 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year) 

Taxes  and  special  assessments 

Extraordinary  repairs  and  depreciation 

Operating  expenses  and  maintenance 


Totals. 


$98,080 

Collect- 
ing 
Works 

$437,170 

96.940 

39.100 

100.000 

277.250 

$1,016,900 


Grand  total. 


Total  amount  of  water  supplied  in  million  gallons.  365  x  150 
Cost  of  supply  per  million  gallons 


.       $97,810 

Transpor- 
tation 
Works 

$773,328 

171.485 
23.020 
97.810 

354.900 

$1,480,600 

$8,487,000 

54.750 
$44.51 
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TABLE    34    {Continued) 


Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annltal 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.    Project  for  Permanent  Sup- 
ply of  250   Million   Gallons  Daily.      Stage  3. 
Average  Supply  of  220  Million  Gal- 
lons Daily 


COLLECTING 

Well  system 

Wells 

Buildings 

Pumps,     motors,     concrete     chambers     below 

ground,  control  and  all  connections 

Transmission  system  substations 

Land  outside  right-of-way 

Substation  buildings 

Equipment 

Line,  poles,  wire,  etc 

Telephones 

Central  power-station 

Land 

Buildings 

Above  ground 

Foundations 

Equipment 

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads 

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration  basins  for  utilization  of  surface  flood 

waters 

Reservoirs  on  salt-water  estuaries 

Conduits  for  diversion   of  water   to  streams   and 
ponds.     Lowering   of   ponds   and   necessary 

changes  in  lieu  of  damages 

Temporary  works,  preliminary  stage 

Engineering  and  contingencies.  20  per  cent 

Total |1B,B98,S00 

TRANSPORTATION    WORKS 

Pumping-stations 

Buildings  taxed  outside  City  limits $1,078,000 

Equipment 1,661.000 

Aqueduct  lines 

Lands  in  Nassau  and  Queens 634,000 

Aqueduct,  including  earth  work,  masonry  and 

earth  emiiankment  at  wells 14.432.000 

Special  structures 

Above  ground 77.000 

Below  ground 602.000 

Fencing  and  special  improvements,  Queens  and 

Nassau 327.000 

Land  damages.  Queens  and  Nassau    1. 'S3. 000 

Engineering  and  contingencies.  20  per  cent 3.792,800 


Extraordinary 
Taxes              Repairs  and 
Depreciation 

Cost " •  • • ■ 

Rate                         Rate 
Per  Cent.  Amount  Per  Cent.  Amount 

works 

S392,260 
7.000 

V.5 

iios 

5.0 
2.0 

$19,613 
140 

1.131,000 

•    •    •    • 

•  •  •  « 

5.0 

56.550 

83.000 

126.000 

196.000 

267.000 

9.200 

1.0 
1.5 

•    ■    •    • 

1.0 
1.0 

830 
1.890 

2.670 
92 

•    •    •    ■ 

2.0 
4.0 
3.0 
3.0 

2.520 

7.840 

8.010 

276 

10.000 

1.0 

100 

.... 

658.000 

64.000 

616.000 

1.5 

•    ■    •    • 

9.870 

2.0 
1.0 
3.5 

13.160 

640 

21.560 

2.804.000 

2.427,000 

1,876,000 

581,000 

1.0 

■     I     ■     • 
•     •     ■     • 

28.040 

■    ■    •    « 

'  *5.6 
2.0 

93.866 
11.620 

442,000 
819,000 

0.4 
0.2 

1.768 
1.638 

0.1 
0.2 

442 

1,638 

475,000 

15.000 

2.599.700 

•  ■    ■    • 

•  •    ■    • 

•  •    ■    • 

.... 

2.0 

9,600 

Total. 


$47,00$ 


1.5 


1.0 


1.0 


$11,766,$00 

ANNUAL  CHAR(;ES 


Interest  on  total  cost  at  4  per  cent 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.SS7  per  cent,  of  cost  per  year) 

Taxes  and  special  assessments    ■  •  •  •  ; 

Extraordinary  repair.s  and  deprfciation 

Operating  expenses  and  maintenance 


$147»$09 


$16,170 

•    ■    •    • 

2.0 
3.5 

$21,560 
58.135 

6,340 

■    •    •    • 

.... 

0.1 

14.432 

770 

2.0 
1.0 

1.540 
6.020 

Total. 


$t$»a$o 

Collect- 
ing 
Works 

$023,930 

138.356 

47.(K)3 

247.:i()0 

421.470 

$l,i7$,068 


Grand  total 


Total  amount  of  water  supplied  in  million  gallons.  36.'>  x  220  = 
Cost  of  supply  per  million  gallons 


2.0  Q.540 


.    $108,227 

Transpor- 
tation 
Works 

$910,270 

201.850 

23.280 

1  OS.  227 

499,200 

$1,742,827 

$8,220,900 

80. .300 
$40.11 
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TABLE    34     {Continued) 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
and  Operating  Expenses.   Project  for  Permanent  Sup- 
ply OF  250  Million   Gallons  Daily.      Stage  4. 
Average  Supply  of  250  Million  Gal- 
lons Daily 


Cost 


Taxks 


Extraordinary 
Repairs  and 
Depreciation 


Rate  Rate 

Percent.  Amount  Per  cent.  Amount 


COLLECTING 

Well  system 

Wells 

Buildings 

Pumps,     motors,     concrete     chambers     below 

ground,  control  and  all  connections 

Transmission  system  substations 

Land  outside  right-of-way 

Substation  buildings 

Equipment 

Line,  poles,  wire,  etc 

Telephones 

Central  power-station 

Land 

Buildings 

Above  ground 

Foundations 

Equipment 

Land  for  right-of-way,  borrow-pits,  spoil-banks  and 

roads 

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration  basins  for  utilisation  of  surface  flood 

waters 

Resorvoirs  on  salt-water  estuaries 

Conduits  for  diversion   of   water   to   streams  and 
ponds.     Lowering   of   ponds   and    necessary 

changes  in  lieu  of  damages 

Temporary  works,  preliminary  stage 

Engineering  and  contingencies,  20  per  cent 

Total $16,869,810 

transportation   works 

Pumping-stations 

Buildings  taxed  outside  City  limits $1,108,000 

Equipment 1 ,693,500 

Aqueduct  lines 

Lands  in  Nassau  and  Queens 634,000 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells 15.004,000 

Special  structures 

Above  ground 77.000 

Below  ground 618.000 

Fencing  and  special  improvements.  Queens  and 

Nassau 327,000 

Land  damages,  Queens  and  Nassau 153.000 

Engineering  and  contingencies.  20  per  cent 3.934,900 


WORKS 

8434,260 
7.000 

■  •  •  ■ 

1.5 

8105 

5.0 
2.0 

821.713 
140 

1 .290.000 

.... 

•  ■  •  • 

5.0 

64.500 

83,000 
151.000 
213.500 
298.000 

10.000 

1.0 
1.5 

*  1.6 

1.0 

830 
2.265 

2.980 
100 

'  2.6 
4.0 
3.0 
3.0 

3,626 

8,640 

8,940 

300 

10,000 

1.0 

100 

.... 

058.000 

64,000 

616.000 

1.5 

9.870 

•  •  ■  ■ 

■   ■   •   a 

2.0 
1.0 
3.5 

13,160 

640 

21.560 

3.026.000 

2.642.000 

2.122,000 

642.000 

1.0 

•  •  •  • 

•  ■  •  ■ 

30.260 

•  ■  *  ■ 

•  ■  •  ■ 

•  -  «  • 

•  •  •  • 

5.0 
2.0 

106,i66 
12,840 

442.000 
819,000 

0.4 
0.2 

1.768 
1.638 

0.1 
0.2 

442 
1.638 

515.000 

15.000 

2.811,550 

•  •  •  ■ 

•  >  ■  ■ 

•  •  •  • 

2.0 

•  ■  •  ■ 

•  ■  •  ■ 

10.300 

$49,916 


1.5    816,620 


0        6.340 


Total. 


$18,609,400 

ANNUAL    CHARGES 


Interest  on  total  cost  at  4  per  cent 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year) 

Taxes  and  special  assessments 

Extraordinary  repairs  and  depreciation 

Operating  expenses  and  maintenance 

Totals 


$878,888 


2.0     822.160 
3.5        59.272 


0.1        15.064 


0 


770 


20 
1.0 

2.0 


1.640 
6.180 

6.540 


$98,780 


Collecting 
Works 

8674.772 

149,600 

49,920 

273.833 

520,070 

$1,668,900 


Grand  total 


Total  amount  of  water  supplied  in  million  gallons,  365  x  250= 
Cost  of  supply  per  million  gallons 


$110,766 

Trans- 
portation 
Works 

8944,380 

209.420 

23.730 

110,760 

623,400 

$1,911,690 

$8,679,900 

91.250 
839.23 
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TABLE    34    (Concluded) 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.   Project  for  Permanent  Sup- 
ply OF  250  Million  Gallons  Daily.      Stage  5. 
Average  Supply  of  250  Million  Gal- 
lons Daily 


Extraordinary 
Taxes  Repairs  and 

Cost  Depreciation 


Rate  Rate 

Percent.  Amount  Percent.  Amount 


COLLECTING    WORKS 

Well  system 

Wells 

Buildings 

Pumps,     motors,     concrete     chambers     below 

ground,  control  and  all  connections 

Transmission  system  substations 

Land  outside  right-of-way 

Substation  buildings 

Equipment 

Line,  poles,  wire,  etc 

Telephones 

Central  power-station 

Land 

Buildings 

Above  ground 

Foundations 

Equipment 

Land  for  right-of-way,  borrow-pits.  spoil-banks  and 

roads 

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration  basins  for  utilisation  of  surface  flood 

waters 

Reservoirs  on  salt-water  estuaries 

Conduits  for  diversion   of   water  to  streams   and 
ponds.     Lowering   of   ponds   and    necessary 

changes  in  lieu  of  damages 

Temporary  works,  preliminary  stage 

Engineering  and  contingencies,  20  per  cent 

Total fSS,011,100       $6S,0SS         $368,878 

transportation   works 
Pumptng-stations 

Buildings  taxed  outside  City  limits 

Equipment 

Aqueduct  lines 

Lands  in  Nassau  and  Queens 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells 

Special  structures 

Above  ground 

Below  ground 

Fencing  and  special  improvements.  Queens  and 

Nassau 

Land  damages.  Queens  and  Nassau 

Engineering  and  contingencies,  20  per  cent 


$705,410 
7.000 

«    •    •    • 

15 

$105 

5.0 
2.0 

$30,770 
140 

1.920.000 

«    ■    •    ■ 

•    •    •    • 

5.0 

06.450 

83.000 
183.000 
281.500 
340.000 

12,500 
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1.0 
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125 
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2.0 
4.0 
3.0 
3.0 

3,660 

11,260 

10.200 
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10,000 

1.0 
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•    ■    •    > 

658.000 

04,000 

724,000 

1.5 
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•  •    •    • 

•  •    •    • 
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1.0 
3.5 

13.160 
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25.340 

3,017.000 

3.479,000 

2.709.000 

790.000 

1.0 

•  ■    •    ■ 

•  •     •     • 

30,170 

•  >    ■    ■ 

•  ■    •    • 

•  •    •    • 

'  5,6 
2.0 

135.460 
15.980 

1.010.600 
810.000 

0.4 
0.2 

4,042 
1,638 

0.1 
0.2 

1,010 
1,638 

515.000 

16.000 

3.670,180 

t      ■      a      ■ 
•      ■      •      ■ 

■    •    •    • 

•  •    •    • 

•  •    ■    • 

2.0 

■    •    •   « 

10.300 

■    ■    «    • 

$1,108,000 
1,693.500 

1.5 

•    •    ■    • 

$16,620 

•    ■    ■    ■ 

2.0 
3.5 

$22,160 
59.273 

634.000 

1.0 

6.340 

•    «    •    • 

16.311,000 

*    ■    •    • 

•   ■    •   • 

0.1 

16,311 

79.000 
654.000 

1.0 

790 

•   ■   ■   • 

2.0 
1.0 

1,580 
6.640 

327.000 

153.000 

4.191.900 

■     ■    ■    « 
•     •     •     • 

•   ■   •   • 
■   ■   •   ■ 
■   *   •   ■ 

2.0 

•    «    ■    • 
•    ■    ■    • 

6.640 

Total $S6,1BM00       ....    $88,760         ....    $118,404 

ANNUAL    charges 

Trans- 

Coi.lecting  portation 

Works  Works 

Interest  on  total  cost  at  4  per  cent $880,800  $1,006,100 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.8S7  per  cent,  of  cost  per  year) 195.300  223,100 

Taxes  and  special  assessments 62,025  23,750 

Extraordinary  repairs  and  depreciation 305.370  112,400 

Operating  expenses  and  maintenance 557,070  601.800 

Totals $8,061,470  $1,967,150 

Grand  total $4,088,680 

Total  amount  of  water  supplied  in  million  gallons,  365  x  250=    01,250 

Cost  of  supply  per  million  gallons $44.15 


COST   OF   PROPOSED   SCPPLY  443 

BASIS  OF  ESTIMATKS 

The  basis  of  these  fixed  charg^es  and  the  allowances  for 
depreciation  and  for  maintenance  and  operation  are  presented 
in  the  following  pages. 

Interest 

Interest  on  the  bonds  issued  to  cover  the  cost  of  these 
works  has  been  estimated  at  4.0  per  cent,  assuming  that  these 
would  be  issued  for  a  term  of  50  years.  While  recent  issues 
have  borne  a  higher  rate,  it  is  quite  probable,  with  the  passing 
of  the  present  financial  stringency.  The  City's  lK)nds  may  lie 
taken  at  a  still  lower  rate  of  interest  than  here  estimated. 

Sinking  Fund 

An  allowance  has  been  made  for  annual  payments  for  30 
years,  which,  with  accrued  interest,  would  amount  to  a  sum 
.sufficient  at  the  end  of  this  time  to  pay  off  the  entire  bond  issue. 
The  sinking  fund  requirements  would  be  0.887  per  cent,  each 
year  on  the  entire  cost  of  the  works. 

Taxes 

Taxes  are  paid  on  the  Ridge  wood  works  in  Nassau  county 
on  all  lands  and  all  buildings  and  other  structures  alx)ve 
ground.  No  payments  are  made  on  aqueducts,  culverts,  and 
other  works  below  the  ground  surface. 

Unlike  the  works  of  most  surface-water  supj)lics,  the  pro- 
posed Suffolk  County  works  would  not  remove  from  taxation 
any  large  amount  of  property  for  reservoir  purposes.  Indeed, 
the  betterments  proposed  on  the  right-of-way  to  be  accjuired 
would  increase  the  value  of  taxable  property  in  its  vicinity. 
Annual  payments  of  1.0  per  cent.  U])on  the  cost  of  all  lands 
and  small  special  structures  on  the  aqueduct  have  been  esti- 
mated, and  1.5  per  cent,  has  been  allowed  on  the  cost  of  all 
buildings.  To  cover  taxes  and  special  assessments  on  the  in- 
filtration basins  and  reservoirs,  0.4  per  cent,  has  been  taken  on 
the  entire  cost  of  the  former  and  0.2  per  cent,  on  the  latter. 

Extraordinary  Repairs  and  Depreciation 

Liberal  estimates  on  the  depreciation  of  the  works  have 
been  made  in  order  that  all  structures  may  !>e  maintained  in 
perfect  repair  and  all  equipment  replaced  when  worn  out  or 
inefficient. 
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LAND.  No  depreciation  is  figured  on  the  land  required.  Its 
value  would  doubtless  increase  with  the  improvements  pro- 
posed. 

RESERVOIRS.  An  annual  charge  of  0.2  per  cent  on  the  cost 
of  the  reservoirs  or  guard  ponds  is  estimated  to  cover  depre- 
ciation in  embankments.  An  allowance  of  only  0.1  per  cent,  is 
made  on  the  infiltration  basins  which  would  be  in  service  for 
only  a  portion  of  the  year. 

MASONRY  AQUEDUCTS.  No  depreciation  should  be  charged 
on  the  generally  low  aqueduct  embankments,  as  these  would 
be  cared  for  in  the  general  maintenance  and  operation  of  the 
works.  The  masonry  aqueducts  would,  however,  require  petty 
repairs  now  and  then,  and  once  in  a  while  considerable  repair 
work  might  be  necessary,  through  settlements  in  their  founda- 
tions caused  by  carelessly  sinking  wells.  An  allowance  of  0.1 
per  cent,  is  made  on  the  total  cost  including  earth  work. 

STEEL-PIPE  LINES.  The  life  of  steel  pipes  may  be  safely 
placed  at  30  years,  and  the  allowance  for  extraordinary  repairs 
and  depreciation  would  be  2.0  per  cent. 

SPECIAL  MASONRY  STRUCTURES.  An  allowance  of  2.0  per 
cent,  is  made  for  the  structures  above  ground  that  would  be 
exposed  to  depreciation  from  floods,  frost  and  other  cause.s. 
Only  1.0  per  cent,  is  figured  in  masonry  structures  below 
ground. 

GATES,  BLOW-OFFS  AND  SPECIAL  IRON  STRUCTURES.  An  al- 
lowance of  2.0  per  cent,  is  made  for  these  to  cover  renewals 
at  the  end  of,  say,  30  years. 

WELLS.  It  is  reasonably  safe  to  assume  that  properly  de- 
signed wells  would  have  a  life  of  15  years.  An  allowance  of 
5.0  per  cent,  made  on  these  estimates  is  therefore  ample. 

MASONRY  WELL  CHAMBERS.  Thcsc,  like  special  masonry 
structures,  may  be  estimated  at  1.0  per  cent. 

MOTORS     AND     ELECTRICAL     EQUIPMENT     IN     PUMP-HOUSES. 

These  are  exposed  to  more  moisture  than  is  desirable  for  the 
best  operation  of  electrical  equipment,  and  allowance  of  5.0 
per  cent,  is  made  to  cover  extraordinary  repairs  and  renewals. 

PUMPS  IN  WELL.  A  satisfactory  form  of  pump  has  not  yet 
been  found.  Whatever  type  is  adopted  it  is  likely  that  a  piimp 
at  a  depth  of  40  to  50  feet  below  the  surface  would  suffer 
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much  from  inattention,  and  an  allowance  of  5.0  per  cent, 
of  cost  is  estimated  to  cover  renewals  of  parts  subject  to  wear. 

ELECTRIC  SUBSTATIONS.  The  buildings  may  be  estimated 
at  2.0  per  cent,  and  the  equipment  at  5.0  per  cent. 

ELECTRIC  TRANSMISSION   AND  DISTRIBUTION.      An  allowance 

of  3.0  per  cent,  for  concrete  poles  and  wire  of  transmission 
lines  has  been  made. 

CENTRAL  POWER-STATION.  The  charge  for  depreciation  of 
the  building  is  placed  at  2.0  per  cent.  The  generators  should 
have  a  life  of  20  years,  and  a  depreciation  of  3.5  per  cent,  is 
made.  For  the  boilers  5.0  per  cent,  is  allowed,  and  for  the 
engines  3.0  per  cent.  An  average  for  the  entire  equipment  is 
placed  at  3.5  per  cent. 

PUMPING-STATION  AT  RiDGEWooD.  An  allowance  of  2.5  per 
cent,  is  reasonable  for  the  depreciation  on  the  high-duty  pump- 
ing-engines,  and  5.0  per  cent,  may  be  allowed  for  the  boilers. 
The  average  for  the  entire  equipment  would  be  3.5  per  cent. 

PUMPING-STATION  AT  RiVERHEAD.  This  is  uot  3,  large  item, 
and  the  depreciation  on  the  motors  and  pumps  may  be  esti- 
mated at  5.0  per  cent. 

HIGHWAYS.  While  the  force  employed  on  the  right-of- 
way  should  be  able  to  keep  the  macadam  roads  in  repair,  they 
would  very  likely  require  reconstruction  from  time  to  time  if 
they  should  be  used  for  heavy  motor  traffic.  An  allowance  of 
5.0  per  cent,  is  made. 

FENCING    AND    SPECIAL    IMPROVEMENTS.       An    allowanCC    of 

2.0  per  cent,  is  made  for  extraordinary  repairs  due  to  break- 
age and  rusting  of  the  wire  fencing  proposed,  and  for  renewals 
of  parks  and  other  improvements. 

Operation  and  Maintenance 

collecting  works 

The  cost  of  operating  the  pumping  system  of  the  collect- 
ing works  has  already  been  computed  in  Appendix  6.  In 
addition  to  the  figures  there  estimated,  a  further  annual 
charge  of  $1000  per  mile  of  collecting  works  has  been  made 
for  additional  electricians,  machinists  and  laborers,  to  make 
repairs  on  motors,  pumps  and  wells,  and  maintain  other  por- 
tions of  the*  collecting  works.  On  the  branch  lines,  only 
$500  per  mile  has  been  estimated  because  the  eciuipment 
there  would  not  be  operated  continuously. 
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The  four  infiltration  basins  can  readily  be  cared  for  by  the 
force  employed  along  the  aqueduct  lines.  An  estimate  of 
$3000  per  year  is  made  for  salaries  of  attendants  at  each  of 
the  five  reservoirs  on  the  salt-water  estuaries  where  locks  would 
be  built.  The  care  of  the  embankments  and  slopes  of  these 
and  the  smaller  reservoirs  along  the  south  shore  would  be  left 
to  the  men  similarly  employed  on  the  aqueduct  line.  The  cost 
of  maintenance  of  the  water-levels  in  the  private  ponds  is  also 
included  in  the  cost  of  operation  of  the  collecting  works. 

TRANSPORTATION    WORKS 

Most  of  the  cost  of  transportation  is  incurred  at  the  pump- 
ing-stations  at  Brooklyn  and  Riverhead,  which  is  given  in 
Appendices  6  and  10.  An  estimate  of  $500  per  year  for  each 
mile  of  aqueduct  is  included  in  the  annual  operating  expenses 
of  the  transportation  works  to  cover  cleaning  of  aqueducts 
and  care  of  special  structures,  and  all  necessary  work  on  aque- 
duct embankments  and  right-of-way.  The  highways,  fencing 
and  other  improvements  would  also  be  maintained  by  the  men 
provided  in  this  estimate. 

COST  OF  WORKS  FOR  150  MILLION  GALLONS  PER 

DAY 

For  comparison  with  the  project  here  proposed  for  the 
complete  development  of  the  Suffolk  County  sources,  another 
for  only  150  million  gallons  per  day  has  been  estimated  in 
order  to  learn  if  there  would  be  any  economy  in  first  construct- 
ing an  aqueduct  of  only  150  million  gallons  daily  capacity,  and 
at  the  end  of,  say,  20  years  duplicating  the  first,  when  the 
entire  yield  of  the  Suffolk  County  watershed  would  be  required. 

Extent  of  Works 

The  works  for  a  supply  of  150  million  gallons  per  day  need 
be  constructed  only  as  far  as  South  Haven,  which  is  the  limit 
of  the  works  in  the  second  stage  of  the  complete  development 
of  250  million  gallons  per  day.  The  first  two  stages  and  the 
preliminary  stage  would  be  identical  in  the  two  projects,  ex- 
cepting that,  for  the  works  providing  only  150  million  gallons 
daily,  the  aqueduct  from  Suffolk  county  to  Brooklyn  would 
have  a  nominal  capacity  only  sufficient  for  this  yield,  and  the 
main  south  shore  aqueduct  in  Suffolk  county  would  be  propor- 
tionately smaller  than  that  of  the  previous  project. 
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The  third  and  last  sta^o  of  the  \\vrk>  tv^r  150  mr/sivm  ^^ulK^us 
per  day  would  inchide  two  branch  Une>  vMcKille  atid  \.\^nnet- 
qiiol'i  into  the  center  of  the  island.  Tl^ese  WvniM  Ih'^  ivlentioal 
with  those  provided  in  the  cv^nplete  deveK^pment. 

The  extent  of  these  works  coniplett\l  at  each  sta^i^^e  is  stun- 
•narized  below : 


Average  Svpfly 

FOR    NkW 

Stack       York  Tity 

MlLllON 

Gallons  Daily 


Works  Tonstriviki*  at  Thi^^  Si  \uk 


Preliminary. . 


50  Construction  of  10  m»lt"«  of  aouriiuot  mx\\\  c\»Urctu\|S  w^ti)k« 
iuMW  NA!t:$ttu  Couutx  \\ut  to  BANshorr,  ■lVn>\»\»i«iJN  |H\wti' 
plant  ami  2  nulrs  of  nuun  «n«<Mluct  fuMn  S\>fK»lW  vi»wntY 
to  Ma»«aiHH)UA  Hiih  conuevtiou  to  KUIktfNxxHHl  MMttc^m 

70  Completion  of  main  aqm^tluot  from  Suffolk  ov»unt\  to  ftiooklN  u 
borough  anU  pumpiuK  >trttion  wvav  R»ilur\\o\»il,  \Mth  f\ju\p 
menl  for  pumping  l«H>  million  gtilloiu  i»e!  \\a\\  K\i«Mu»on 
of  aqueduct  nnil  colUvting  worksi  in  SutTolk  Oi»untY  to 
Great  River,  14,7  nulea  fr\»m  Nmhhmu  Counix  hue,  *»«vl 
construction  of  permanent  po\ver<«tatton  neai  Patchoiiur 

150        Extension   of   aqueduct    and    collectinu    worku   frt»m    lUrnt 
River  to  end  of  this  develt»|>menl   «t   South   Hrtveu,   *M>  A 
miles  from  Nassau  (>\mntv  line.    Coni\»lfti»»n  of  pun\)«ing 
equinment   at    Kidtfewtuid   to   handle   U1H>   million   udlloiu 
Iier  day 

150  Comnletion  of  this  project  by  buildinu  the  Aqueduct  and 
collecting  wtirks  on  the  two  or«nch  linen  into  the  center  of 
the  island  to  Melville  and  Lake  (trove 


Cost  of  Water  from  Thksr  Works 

The  cost  of  works  and  the  supply  from  them  is  computed 
in  Table  35  in  the  same  manner  as  estimates  for  the  pn)ject 
for  250  million  g:allons  per  day.  The  results  are  summarized 
in  Table  2  with  those  of  the  complete  developmciu. 

TKMPORARY  WORKS  IX  SUFr'OLK  COUNTY 

Estimates  of  cost  have  also  been  made  on  two  projects 
for  the  temporary  development  of  50  and  HX)  million  j;'allo!)s 
per  day.  respectively,  supposing  that,  at  the  expiration  of  10 
years,  an  abundant  supply  from  the  Catskill  sources  is  avail- 
able and  that  the  works  in  Suffolk  t>ounty  could  be  disposed  of. 

In  both  of  these  temporary  projects,  it  is  assumed  that  tlu- 
supply  would  be  delivered  to  the  Ridgewood  system  at  Mass.i- 
pequa  and  pumped  through  the  j)roposed  extension  of  the 
72-inch  steel  pipe  to  Brooklyn,  as  provided  in  the  preliminary 
stage  of  the  permanent  works,  h'or  the  project  for  100  mil- 
lion gallons  per  day,  the  entire  head  from  the  pumps  at  Mas 
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TABLE    35 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 

EXPENDITURBIS  AND  CoST  OF  WaTER   BaSED  UpON   FiXED  CHARGES 

AND  Operating  Expenses.    Project  for  Permanent  Sup- 
ply OF  150  Million  Gallons  Daily.    Preliminary 
Stage.    Average  Supply  of  50  Million 

Gallons  Daily 


Cost 


Taxes 


Extraordinary 
Repairs  and 
Depreciation 


Rate  Rate 

Percent.  Amount  Per  cent.  Amount 


Well  system 

Wells 

Pumps,     motors,     concrete     chambers     below 

ground,  control  and  all  connections 

Transmission  system  substations 

Substation  buildings 

Equipment 

Line,  poles,  wire,  etc 

Telephones 

Central  power-station 

Buildings  above  ground 

Equipment 

Land  for  right-of-way.  borrow-pits.  spoil-banks  and 

roads 

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration  basins  for  utilization  of  surface  flood 

waters 

Conduits  for   diversion   of   water   to   streams   and 
ponds.     Lowering   of   ponds   and   necessary 

changes  in  lieu  of  damages 

Engineering  and  contingencies.  20  per  cent 


collecting   works 

$63,600 


226.000 

30.000 

51,000 

90.000 

3.000 

15.000 
235.000 

1.027,000 
500.000 
400.000 
220.000 

276.500 


165.000 
660.420 


1.5 

1.6 
1.0 

1.5 


1.0 


S450 

"966 
30 

225 
10.270 


0.4        1.106 


5.0 

5.0 

2.0 
4.0 
3.0 
3.0 

25.0 
3.5 


5.0 
2.0 

0.1 
2.0 


(3,180 

11.300 

600 

2.040 

2.700 

90 

3,750 
8.22A 


Total $S.9M.BtO 

transportation   works 

Pumping-stations:  buildings  taxed  outside  City  limits 
Aqueduct  lines 

Lands  in  Nassau  and  Queens 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells 

Special  structures 

Above  ground 

Below  ground 

Fencing  and  special  improvements.  Queens  and 

Nassau 

Land  damages.  Queens  and  Nassau 

Engineering  and  contingencies.  20  per  cent 


$11,981 


20.000 
4.400 

277 
3.300 

$69,tet 


$5,000 

1.5 

$75 

2.0 

$100 

62.000 

1.0 

620 

.... 

2,051.000 

.... 

.... 

0.1 

2.050 

5.000 
55.000 

1.0 

*  •  •  ■ 

50 

■  •  ■  « 

2.0 
1.0 

100 
550 

38.000 

15.000 

446.200 

■  ■  •  * 

•  ■  >  • 

■  •  •  • 

2.0 

760 

•  «  ■  ■ 

Total. 


$$,$77,200 

annual  charges 


Interest  on  total  cost  at  4  per  cent 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year) 

Taxes  and  special  assessments 

Extraordinary  repairs  and  depreciation 

Operating  expenses  and  maintenance 


Totals 

Grand  total 


$74$ 


Collecting 
Works 
$158,500 

35,100 

13.000 

59.900 

128.300 

$394,800 


Total  amount  of  water  supplied  in  million  gallons.  365  x  50  = 
Cost  of  supply  per  million  R.illons 


$$.$$0 

Trans- 
portation 
Works 
$107,080 

23.750 

750 

3.560 

133.860 

$$$9,000 

$$$$,$00 

18.250 
$3«.37 


No  reservoirs  for  salt-water  estuaries,  no  temporary  works  and  no  land  outside  of  aqueduct  right- 
of-way  required  for  this  stage. 


449 


TABLE    35     (Continued) 

Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.   Project  for  Permanent  Sup- 
ply OF   150  Million   Gallons  Daily.      Stage   1. 
Average  Supply  of  70  Million   Gal- 
lons Daily 


Taxes 


Cost 


Extraordinary 
Repairs  and 
Depreciation 


Rate  Rate 

Per  cent.  Amount  Per  cent.  Amount 


works 


collecting 
Well  system 

Wells 

Pumps,     motors,     concrete    chambers    below 

ground,  control  and  all  connections 

Transmission  system  substations 

Land  outside  right-of-way 

Substation  buildings 

Equipment 

Line,  poles,  wire,  etc 

Telephones 

Central  power-station 

Land 

Buildings 

Above  ground 

Foundations 

Equipment 

Land  for  right-or-way.  borrow-pits,  spoil-banks  and 

roads 

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration   basins  for  utilization   of  surface   flood 

waters 

Conduits  for  diversion  of  water  to  streams  and 
ponds.     Lowering   of   ponds   and   necessary 

changes  in  lieu  of  damages 

Temporary  works,  preliminary  stage 

Engineering  and  contingencies,  20  per  cent 


Total $6,656,010 


transportation 

Pumping-stations 

Buildings  taxed  outside  City  limits 

Equipment 

Aqueduct  lines 

Lands  in  Nassau  and  Queens 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells 

Special  structures 

Above  ground 

Below  ground 

Fencing  and  special  improvements.  Queens  and 

Nassau 

Land  damages.  Queens  and  Nassau 

Engineering  and  contingencies,  20  per  cent 


$81,650 

.... 

.... 

5.0 

$4,083 

334.00 

•  «  ■  • 

.... 

5.0 

16.700 

83.000 

42.000 

68.000 

118.000 

4.200 

1.0 
1.5 

«  ■  •  ■ 

1.0 
1.0 

$830 
630 

•  •  ■  • 

1,180 
42 

•  •  •  • 

2.0 
4.0 
3.0 
3.0 

"*846 

2.720 

3.540 

126 

10.000 

1.0 

100 

■  •  ■  • 

524.000 

51,000 

258.000 

1.5 

7.860 

2.0 
1.0 
3.5 

10.480 

510 

9.030 

1.819.000 
735.000 
578.000 
266.000 

1.0 

18.190 

■    ■    B    * 

5.6 
2.0 

28.900 
5.320 

276.500 

0.4 

1.106 

0.1 

277 

200.000 

15.000 

1.092.670 

•  •  •  • 

•  >  ■  » 

.... 

2.0 

•  ■  >  • 
■  •  •  ■ 

4,000 

i6,656,0S0 

•  ■  ■  • 

$S9,0S8 

•  •  •  • 

$86.81$ 

works 

$694,000 
858.000 

1.5 

$10,410 

2.0 
3.5 

$13,880 
30,030 

634.000 

1.0 

6.340 

.... 

7.448.000 

.... 

«  •  •  • 

0.1 

7.448 

32.000 
413,000 

1.0 

■  •  ■  • 

320 

•  •  •  • 

2.0 
1.0 

640 
4.130 

332,000 

153.000 

2,112,800 

.... 

•   •   a   ■ 

2.0 

•  ■  >  ■ 

•  •  •  ■ 

6.640 

Total. 


$18,078,800 

annual  charges 


Interest  on  total  cost  at  4  per  cent 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year) 

Taxes  and  special  assessments 

Extraordinary  repairs  and  depreciation 

Operating  expenses  and  maintenance 


Totals. 


$17,070 


Collecting 
Works 
$262,240 

58.150 

29.940 

SO.. 500 

155.030 

$891,880 


Grand  total. 


Total  amount  of  water  supplied  in  million  gallons.  365  x  70  = 
Cost  of  supply  per  million  gallons 


$88,788 

Trans- 
portation 
Works 
$507,070 

112.440 
17.070 
62.770 

153.000 

$$68,860 

$1,444,810 

2.'i..'».V) 
$■')(>..*).'{ 


No  reservoirs  for  salt-water  estuaries  for  this  stage. 
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TABLE    35     {Continued) 


Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.   Project  for  Permanent  Sup- 
ply OF   150   Million   Gallons  Daily.      Stage  2. 
Average  Supply  of  150  Million  Gal- 
lons Daily 


Taxes 


Cost 


Extraordinary 
Repairs  and 
Depreciation 


Rate  Rate 

Per  Cent.  Amount  Per  Cent.  Amount 


COLLECTING 

Well  system 

Wells 

Buildings 

Pumps,     motors,     concrete     chambers     below 

ground,  control  and  all  connections 

Transmission  system  substations 

Land  outside  right-of-way 

Substation  buildings 

Equipment 

Line,  poles,  wire,  etc 

Telephones 

Central  power-station 

Land 

Buildings 

Above  ground 

Foundations 

Equipment 

Land  for  right-of-way.  borrow-pits.  spoil-banks  and 

roads 

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration  basins   for  utilization  of   surface  flood 

waters 

Reservoirs  on  salt-water  estuaries 

Conduits   for  diversion   of   water  to  streams   and 
ponds.     Lowering   of   ponds   and   necessary 

changes  in  lieu  of  damages 

Temporary  works,  preliminary  stage 

Engineering  and  contingencies,  20  per  cent 

Total 110,718.696 

transportation  works 
Pumping-stations 

Buildings  taxed  outside  City  limits 

Equipment 

Aqueduct  lines 

Lands  in  Nassau  and  Queens 

Aqueduct,  including  earth  work,  masonry  and 

earth  embankment  at  wells 

Special  structures 

Above  ground 

Below  ground 

Fencing  and  special  improvements.  Q^ieens  and 

Nassau .^ 

Land  damages.  Queens  and  Nassau 

Engineering  and  contingencies.  20  per  cent 

Total 116,906,000 

ANNUAL    CHARGES 


Interest  on  total  cost  at  4  per  cent 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.SS7  per  cent,  of  cost  per  year) 

Taxes  and  special  assessments 

Extraordinary  repairs  and  depreciation 

Operating  expenses  and  maintenance 


/ORKS 

S223.180 
5.000 

i"  5 

"675 

5.0 
2.0 

SI  1.150 
100 

694.000 

•  •  •  ■ 

•  •  ■  ■ 

5.0 

34.700 

83.000 

84.000 

129.000 

173.000 

5.800 

1.0 
1.5 

■  •  •  • 

1.0 
1.0 

830 
1,260 

1.730 

58 

•  •  •  • 

2.0 
4.0 
3.0 
3.0 

1,686 

5,160 

6.190 

174 

10.000 

1.0 

100 

•  ■  •  ■ 

524.000 

51.000 

473.000 

1.5 

•  ■  •  • 

7,860 

•  >  •  • 

2.0 
1.0 
3.5 

10,480 

510 

16,550 

2.280.000 

1.485.000 

1.209.000 

438.000 

1.0 

•  •  «  • 

•  •  •  • 

■  ■  •  • 

22,800 

■  •  •  • 

■  •  -  • 

•  •  •  • 

5.0 
2.0 

60,450 
8.760 

442.000 
301,600 

0.4 
0.2 

1.768 
603 

0.1 
0.2 

442 
603 

300.000 

15.000 

1.787.116 

.... 

.... 

2.0 

m   •   «   • 
•   •   •   • 

6,000 

•    •    •    • 


fS7,084 


$161,966 


$694,000 
1.248,000 

1.5 

•  •  •  • 

$10,410 

«  •  ■  ■ 

2.0 

■  •  •  • 

$13,880 

634.000 

1.0 

6.340 

■  «  «  • 

9,669,000 

.... 

■  ■  ■  • 

0.1 

9.669 

46.000 
479.000 

1.0 

460 

•  •  •  • 

2.0 
1.0 

920 
4.790 

332.000 

153.000 

2.651.000 

.... 

■  ■  •  • 

2.0 

■  •  •  • 

6.640 

Totals. 


$17,910 


Collect- 
ing 
Works 
$428,910 

95.000 

37.080 

161.900 

277.250 

$1,000,900 


Grand  total 


Total  amount  of  water  supplied  in  million  gallons.  305  x  150  = 
Cost  of  supply  per  million  gallons 


$$6,699 

Transpor- 
tation 
Works 
$636,240 

141,100 
17.210 
35.900 

355.000 

$1,1M.460 

$9,1$6,660 

64,750 
$39.92 
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TABLE    35     {Concluded) 


Estimates  of  Cost  of  Suffolk  County  Works  and  Total  Annual 
Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 
AND  Operating  Expenses.   Project  for  Permanent  Sup- 
ply of   150  Million   Gallons  Daily.      Stage  3. 
Average  Supply  of  150  Million  Gal- 
lons Daily 


Taxes 


Cost 


Extraordinary 

Repairs  and 

Depreciation 


Rate  Rate 

Per  Cent.  Amount  Per  Cent.  Amount 


COLLECTIlfG 

Well  system 

Wells 

Buildings 

Pumps,     motors,     concrete     chambers     below 

ground,  control  and  all  connections 

Transmission  system  substations 

Land  outside  right-of-way 

Substation  buildings 

Equipment 

Line,  poles,  wire,  etc 

Telephones 

Central  power-station 

Land 

Buildings  above  ground 

Equipment 

Land  for  right-of-way.  borrow-pits,  spoil-banks  and 

roads 

Land  and  water  damages 

Highways 

Fencing  and  special  improvements 

Infiltration  basins  for  utilization  of  surface  flood 

waters 

Reservoirs  on  salt-water  estuaries 

Conduits  for  diversion   of   water  to  streams   and 
ponds.     Lowering  of    ponds  and    necessary 

changes  in  lieu  of  damages 

Temporary  works,  preliminary  stage 

Engineering  and  contingencies.  20  per  cent 

Total f  13p767,47S 

transportation  works 
Pumpins-stations 

Buildings  taxed  outside  City  limits $694,000 

Equipment 1.248.000 

Aqueduct  lines 

Lands  in  Nassau  and  Queens 634.000 

Aqueduct,    including    earth    work,    masonry    and 

earth  embankment  at  wells 10.396.000 

Special  structures 

Above  ground 48,000 

Below  ground 501 .000 

Fencing  and  special  improvements.  Queens  and 

Nassau 332,000 

Land  damages,  Queens  and  Nassau 153.000 

Engineering  and  contingencies.  20  per  cent 2,801.200 

Total fl6,807,SO0 

annual  charges 


Interest  on  total  cost  at  4  per  cent 

Sinking  fund  to  pay  bonds  at  end  of  50  years,  interest  at  3  per  cent. 

(0.887  per  cent,  of  cost  per  year) 

Taxes  and  special  assessments 

Extraordinary  repairs  and  depreciation 

Operating  expenses  and  maintenance 


f44.SM 


works 

$463,460 
5.000 

'  V.5 

$75 

5.0 
2.0 

$23,173 
100 

1.087.000 

•  •  •  • 

■  •  «  • 

5.0 

54,350 

83.000 

106.000 

174.000 

201.000 

8.000 

1.0 
1.5 

■  •  •  • 

1.0 
1.0 

830 
1,590 

2.6i6 
80 

•  •  ■  ■ 

2.0 
4.0 
3.0 
3.0 

2.i26 

6.060 

6.030 

240 

10.000 
675,000 
681.000 

1.0 
1.5 

•  •  •  • 

100 
8.625 

•  «  >  • 

■  2.6 
3.5 

lV.666 
20.335 

2.836.000 

2.060.000 

1,599.000 

539,000 

1.0 

*  ■  ■  • 
■  •  a  » 

«  •   •  • 

28,360 

•  •  •  • 

•  ■  ■  • 

•  •  •  • 

■  ■  •  • 

'  5.6 
2.0 

79.966 
10.780 

520,500 
301.600 

0.4 
0.2 

2.082 
603 

0.1 
0.2 

521 
603 

300.000 

15.000 

2.292.912 

■  a  ■  • 
•  ■  >  ■ 

•  •  •  • 

2.0 

•  ■  •  • 

6.000 

MSS.SCS 


1.5 

$10,410 

2.0 
3.5 

$13,880 
43.680 

1.0 

6.340 

•  ■  •  • 

■  •  •  ■ 

0.1 

10.396 

1.0 

■  •  • 

480 

«  «  •  * 

2.0 
1.0 

960 
5.010 

Totals. 


fl7,S80 


Collect- 
ing 
Works 
$550,300 

122.030 

44.360 

222.060 

302.5.50 

$1,941,$00 


Grand  total 


Total  amount  of  water  supplied  in  million  gallons,  365  x  160 
Cost  of  supply  per  million  gallons 


2.0  6.640 


$80,66$ 

Transpor- 
tation 
Works 
$672,300 

149.100 
17.2;<0 
80,600 

358,600 

$1,877,680 

$8,618,780 

fi4.7AO 
$1002 
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sapequa  would  be  used  up  in  friction  losses  in  the  72-inch 
pipe,  and  a  temporary  station  provided  in  these  estimates 
would  be  erected  at  the  westerly  end  of  this  pipe-line,  near 
Ridgewood,  to  deliver  the  supply  directly  into  the  distributing 
mains. 

Project  for  Supply  of  50  Million  Gallons  Daily 

Driven-well  stations  of  the  same  design  as  those  of  the 
Ridgewood  system  would  be  constructed  at  intervals  of  a 
mile  on  the  location  proposed  for  the  permanent  works.  A 
strip  of  land  1000  feet  wide  would  be  acquired  at  each  station 
for  a  length  of  500  feet  east  or  west  of  the  outer  units  of  the 
well  system.  Between  the  stations,  a  right-of-way  of  100  feet 
would  be  purchased  for  the  aqueduct.  The  aqueduct  would  be 
of  masonry,  of  the  cut-and-cover  type,  of  50  million  gallons 
daily  capacity,  and  would  carry  the  supply  entirely  by  gravity 
to  the  proposed  pumping-station  at  Massapequa.  The  entire 
works  would  be  built  in  the  cheapest  way  possible,  and  no 
highways  or  other  improvements  would  be  considered. 

The  cost  of  these  works,  and  an  estimate  of  the  fixed 
charges  and  operating  exi>enses  is  shown  in  Table  36,  and  the 
expense  to  the  consumer  of  each  million  gallons  delivered  into 
the  City  mains  is  found,  as  in  the  other  projects.  The  annual 
expenditure  includes  the  cost  of  pumping  through  the  72-inch 
pipe-line  but  not  the  fixed  charges  on  the  works  of  the  Ridge- 
wood system.  A  charge  for  depreciation  has  been  made  suf- 
ficient to  cover  the  entire  cost  of  the  works,  at  the  expiration 
of  the  period  of  10  years,  after  which  the  equipment  would 
be  disposed  of  and  the  lands  sold. 

Projfxt  for  Supply  of  100  Million  Gallons  Daily 

The  project  for  a  temporary  supply  of  100  million  gallons 
per  day  would  be  similar  to  the  above.  The  masonry  aqueduct 
would,  however,  have  a  capacity  of  100  million  gallons  per 
day,  and  would  extend  from  the  Nassau-Suffolk  County  line, 
20  miles  easterly  as  far  as  Sayville,  and  driven-well  stations, 
one  mile  apart,  would  be  constructed  to  the  end  of  the  line. 

The  annual  charges  are  computed  in  Table  37,  in  the  same 
manner  as  on  the  works  for  a  temporary  supply  of  50  million 
gallons  ])cr  day.  The  station  erected  in  IJrooklyn  to  pump 
the  supply  into  the  distribution  system  would  be  charged  off, 
with  the  works  in  Suffolk  county,  at  the  end  of  10  years. 
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TABLE    36 

Estimates  of  Cost  of  Suffolk  County  Works  and  I^otal  Annual 

Expenditures  and  Cost  of  Water  Based  Upon  Fixed  Charges 

AND    Operating    Expenses.      Project    for    Temporary 

Development.     Average  Supply  of  50  Million 

Gallons  Daily  for  10  Years 


Taxes 


Cost 


Rate 
Per  Cent.       Amount 


COLLECTING  WORKS 

Well  system 

Wells $100,000            

Buildings 150,000  1.5 

Pumps,   motors,  concrete  chambers  below  ground,  control 

and  all  connections 110,000  .... 

Land  for  right-of-way,  borrow-pits,  spoil -banks  and  roads 441.800  1.0 

Land  and  water  damages 500.000  . .  .  ■ 

Fencing  and  special  improvements 94 .000  .... 

Engineering  and  contingencies,  20  per  cent 279.160  .... 

Total $1»674,M0  

TRANSPORTATION  WORKS 

Aqueduct  lines 

Lands  in  Nassau  and  Suffolk  counties $85,744  1.0 

Aqueduct,  including  earth  work  and  masonry 820,872  .... 

Special  structures 

Above  ground 4,500  1.0 

Below  ground 80,500  .... 

Fencing  and  improvements,  Nassau  and  Suffolk  counties  .  . .  44,850  .... 

Land  damages,  Nassau  and  Suffolk  counties 60,000  .... 

Engineering  and  contingencies,  20  per  cent 219,293  .... 

Total $1,S1S,769 

annual  charges 

Collect- 
ing 
Works 

Interest  on  total  cost  at  4  per  cent $66,998 

Sinking  fund  to  pay  bonds  (exclusive  of  land)  at  end  of  10  years,  in- 
terest at  3  per  cent.  (8.72  per  cent,  of  cost  per  year) 99,827 

Taxes  and  special  assessments 6,668 

Operating  expenses  and  maintenance 168,850 

Totals |$4S,Si8 

Grand  total 

Total  amount  of  water  supplied  in  million  gallons,  365  x  50  = 

Cost  of  supply  per  million  gallons 


$2,250 

'4,4  is 

$857 
45 


$90S 

Transpor- 
tation 
Works 
$52,630 

105.762 

902 

133.000 

$S9S,S94 

$eS4,C$T 

18.250 
$34.77 
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TABLE    37 

Estimates  of  Cost  of  Suffolk  Countv  Works  and  Total  Annual 

Expenditures  and  Cost  of  Water  Rased  Upon  Fixed  Charges 

AND    Operating    Expenses.      Project    for    Temporary 

Development.    Average  Supply  of   100  Million 

Gallons  Daily  for  10  Years 


Taxes 


Cost 


Rate 
Per  Cent. 


Amount 


COLLECTING  WORKS 

Well  system 

Wells S200.000 

Buildings 300,000 

Pumps,  motors,  concrete  chambers  below  ground,  control 

and  all  connections 220,000 

Land  for  right-of-way,  borrow-pits,  spoil-banks  and  roads 645,450 

Land  and  water  damages 1 ,000,000 

Fencing  and  special  structures 168,000 

Engineering  and  contingencies,  20  per  cent 506,690 

Total $3,040,140 


TRANSPORTATION  WORKS 

Pumping-stations 

Buildings  taxed  outside  City  limits 

Temporary  building  at  Ridgcwood 

Equipment 

Massapequa 

Ridgewood ; 

Aqueduct  lines 

Lands  in  Nassau  and  Suffolk  counties 

Aqueduct,  including  earth  work  and  masonry 

Connections  at  Ridgewood 

Special  structures 

Above  ground 

Below  ground 

Fencing   and   special    improvements,    Nassau   and    Suffolk 

counties 

Land  damages,  Nassau  and  Suffolk  counties 

Engineering  and  contingencies,  20  per  cent 

Total 

annual  charges 


$100,000 
220.000 

140.000 
227,000 

130.211 

1.821.715 

50,000 

4.500 
191.965 

85.000 
110.000 
616.078 

9S,696,4€9 


1.5 
1.6 


0 


0 


Interest  on  total  cost  at  4  per  cent 

Sinking  fund  to  pay  bonds  (exclusive  of  land)  at  end  of  10  years,  in- 
terest at  3  per  cent.  (8.72  per  cent,  of  cost  per  year) 

Taxes  and  special  assessments 

Operating  expenses  and  maintenance 


Totals. 


Collect- 
ing 
Works 
S121.606 

197.560 

10.955 

334,700 

9664,8ai 


Grand  total 


$4,5O0 

•   «    •    ■    •    ■ 

6.455 


$10,969 


$1,500 


1.302 


45 


Total  amount  of  water  supplied  in  million  gallons.  365  x  100  = 
Cost  of  supply  per  million  gallons 


$9,84T 

Transpor- 
tation 
Works 
$147,853 

308.701 

2,847 

522,374 

$961J7$ 

$l,$4$,e96 

36.500 
$45.12 
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APPENDIX    12 

EFFECT    OF    DIVERSION    OF    SUFFOLK    COUNTY 
GROUND-WATERS    UPON    THE    OYSTER    IN- 
DUSTRY IN  THE  GREAT  SOUTH  BAY* 

BY  GEORGE  C.  WHIPPLE,  CONSULTING  ENGFNEER 

INTRODUCTION 

In  order  to  safeguard  one  of  the  important  Long  Island 
industries,  an  extended  investigation  was  made  to  determine 
whether  the  diversion  of  a  certain  amount  of  ground-water 
for  the  supply  of  Brooklyn  would  so  reduce  the  fresh-water 
accessions  of  the  Great  South  bay  as  to  injuriously  affect  the 
value  of  that  body  of  water  as  a  place  for  growing  oysters. 
It  has  been  long  held  by  oyster  growers  that  fresh  water  find- 
ing its  way  into  an  arm  of  the  sea  is  beneficial  to  the  cultiva- 
tion of  oysters,  and  oyster  experts  recognize  that  there  are 
certain  limits  of  salinity,  or  brackishness,  within  which  oysters 
thrive  best.  It  is  believed  by  the  Long  Island  oystermen  that 
the  Gneat  South  bay  owes  its  successful  oyster  crops,  in  part 
at  least,  to  the  accessions  of  fresh  water  which  the  bay  receives 
from  the  streams  on  the  southerly  slopes  of  Suffolk  county 
and  from  the  ground-water  that  enters  the  bay  in  the  form  of 
springs  over  the  bottom,  and  the  fear  has  arisen  that  the 
diversion  of  a  part  of  the  ground-water  may  so  reduce  the 
available  supply  of  fresh  water  that  the  oyster  crop  will  be 
injured.  This  fear  is  a  natural  one,  as  such  a  diversion  will 
make  the  water  of  the  bay  somewhat  more  saline  than  it  now 
is,  but  the  observations  and  calculations  that  have  been  made 
indicate  that  the  fear  of  damage  to  the  oyster  industry,  broadly 
considered,  is  groundless.  A  few  oyster-beds  that  now  enjoy 
a  favorable  specific  gravity  of  the  water  may  have  that  specific 
gravity  increased  beyond  the  favorable  point,  but  on  the  other 
hand,  large  areas  where  the  specific  gravity  is  not  now  favor- 
able would  be  improved.  Studies  have  further  shown  that  by 
far  the  largest  number  of  beds  would  not  be  materially  affected 
either  one  way  or  the  other. 

♦This  report  submitted  by   Mr.  Whipple's  associate,  Mr.  Allen  Hazen,  Consulting 
EnRinesr 


456  APPENDIX   12 

The  various  conditions  that  influence  the  growth  of  oysters 
and  give  them  their  salable  qualities  are  very  complicated  and 
involve  many  other  factors  than  salinity.  Hence,  in  order  to 
arrive  at  a  logical  conclusion  it  became  necessary  to  carry  on 
a  series  of  studies  covering  a  wide  range  and  to  take  into 
account  not  only  salinity  but  questions  of  food  supply,  depth 
of  water,  character  of  the  bottom,  tides,  currents,  etc.  Inci- 
dentally, various  sanitary  problems  involved  in  the  production 
and  marketing  of  the  oysters  from  this  locality  were  con- 
sidered. 

The  investigation  was  carried  on  in  accordance  with  in- 
structions received  from  Mr.  J.  Waldo  Smith,  Chief  Engineer, 
in  his  letter  to  my  partner,  Mr.  Allen  Hazen,  dated  November 
4,  1907.  The  work  was  begun  in  November,  1907,  and  con- 
tinued for  about  two  months.  The  field  work  was  arranged 
for  and  conducted  under  the  direction  of  Mr.  Walter  E. 
Spear,  Division  Engineer  in  charge  of  the  investigation  of  the 
I^ng  Island  sources.  A  preliminary  report  of  this  investiga- 
tion was  presented  on  February  25,  1908.  Supplementary 
studies  were  made  in  the  field  during  the  months  of  July, 
September,  October  and  November,  1908.  These  were  carried 
on  under  my  direction  by  .Milton  W.  Davenport,  who  acted 
as  chemist  and  biologist  with  headquarters  at  Babylon,  Long 
Island,  and  who  worked  in  cooperation  with  Mr.  Walter  E. 
Spear,  Division  Engineer.  A  final  report  was  made  on  April 
20,  1909. 

In  1908  a  laboratory  was  arranged  in  a  small  building  in 
the  rear  of  the  field  office  of  the  New  York  Board  of  Water 
Supply  and  equipped  with  apparatus  for  making  determina- 
tions of  chlorine,  color,  turbidity,  microscopic  organisms,  etc. 
The  routine  work  consisted  of  collecting  and  analyzing 
samples  of  water  from  various  parts  of  the  bay,  making  ob- 
servations of  currents,  tides,  etc.,  and  studying  by  experiment 
the  influences  controlling  the  growth  of  the  microscopic  or- 
ganisms which  furnish  the  food  supply  to  the  oysters,  WMth 
particular  reference  to  the  effect  of  salinity.  Studies  were 
also  made  of  the  oysters  themselves,  many  specimens  being 
gathered  and  dissected.  Visits  were  made  to  many  of  the 
oyster  houses  and  sanitary  inspections  were  made  of  the  con- 
ditions along  the  shore.  For  comparison,  studies  were  also 
carried  on  in  Jamaica  bay,  ^Moriches  bay,  Shinnecock  bay,  and 
other  places  on  Long  Island  where  oysters  are  grown.     The 
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literature  of  the  subject  was  investigated  and  interviews  held 
with  various  oyster  growers,  marketnien,  state  officials  and 
experts  of  the  U.  S.  Bureau  of  Fisheries.  The  results  of  these 
researches  were  set  forth  at  length  in  the  two  reports  above 
referred  to.    The  following  is  an  abridgment  of  these  reports. 

THE  OYSTER 

The  oysters  found  on  the  Atlantic  Coast  belong  to  a  single 
species, — ostrea  znrginica.  This  species  is  different  from  the 
European  oyster  and  from  those  found  on  the  Pacific  Coast. 

The  oyster  has  two  parts — the  shell,  and  the  living  or- 


ganism. 


The  Shell 


The  shell  of  the  oyster  is  a  calcareous  secretion  which 
serves  as  a  protective  covering.  Its  two  parts  are  joined  by 
a  hinge,  one  of  the  shells  being  flat,  the  other  convex.  The 
latter  forms  the  "  bowl  "  in  which  the  organism  dwells,  while 
the  flat  side,  or  top,  forms  a  movable  lid.  The  shell  is  com- 
posed chiefly  of  calcium  carbonate,  as  shown  by  the  following 
analysis  of  a  3-year  old  oyster  received  from  Babylon,  Long 
Island,  which  was  3.5  inches  long,  2.5  inches  wide  and  1.3 
inches  deep. 


Calcium  carbonate  (CaCOg) 93.98  per  cent. 

Magnesium  carbonate  (MgCO,) 1 .20  per  cent. 

Iron   (FcgOg) 0.26  per  cent. 

Alumina   f  AlgOj)    0.00  per  cent. 

Undetermined   4. 56  per  cent. 


100.00  per  cent. 


The  shell  is  arranged  so  that  it  can  be  opened  or  shut  at 
will  by  a  powerful  adductor  muscle  in  the  center  of  the  oyster. 
The  muscle  has  to  be  cut  before  the  shell  can  be  opened. 

The  shape  of  the  shell  depends  upon  several  things,  chiefly 
on  the  number  of  oysters  spread  over  a  given  area  and  the 
amount  of  mud  on  the  bottom.  The  size  depends  upon  the 
age  and  rate  of  growth.  The  latter  is  largely  a  function  of 
the  available  food  supply. 
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The  Organism 

In  opening  an  oyster  it  is  held  with  the  small  end  outwards 
and  the  flat  side  upwards.  The  knife  is  inserted  at  a  vulner- 
able point  on  the  right  near  the  small  end.  After  the  thin 
blade  has  entered  the  shell  it  is  passed  inward  across  the 
oyster,  close  to  the  top,  so  as  to  sever  the  adductor  muscle, 
after  which,  with  a  slight  turn  of  the  knife,  the  two  shells  can 
be  parted  and  the  flat  side  removed,  leaving  the  oyster  lying 
in  the  deep  bowl. 

Viewed  in  this  position,  the  different  parts  of  the  anatomy 
are  conspicuous,  namely,  the  adductor  muscle  in  the  middle 
of  the  organism,  the  mantle  and  gills  around  the  edge  of  the 
shell,  the  dark-colored  liver  surrounding  the  stomach,  the  long 
intestines  and  the  colorless  heart,  which,  in  the  case  of  a 
freshly  opened  oyster,  may  be  seen  to  beat  at  intervals  of  15 
to  30  seconds. 

The  oyster  is  propagated  by  means  of  eggs  fertilized  in  the 
watar  after  leaving  the  shell.  These  gradually  increase  in 
size  but  float  in  the  water  until  a  thin  shell  begins  to  form. 
At  this  stage  they  are  called  "  spat  '*  and,  being  heavy,  tend 
to  sink  in  the  water.  If  they  fall  upon  mud  they  are  likely 
to  be  choked  and  if  they  settle  on  sand  they  are  likely  to  be 
covered  or  broken  up  by  the  moving  particles.  If,  however, 
they  settle  on  shells  or  rocky  beds,  or  become  attached  to 
twigs  or  other  hard  substances,  they  continue  to  grow  and 
from  that  time  on  never  leave  the  place  where  they  become 
attached.  Oyster  growers  are  in  the  habit  of  covering  the  beds 
with  clean  shells  for  the  reception  of  this  spat. 

Conditions  Affecting  Growth 

TEMPERATURE.  Oysters  live  in  waters  of  widely  varying 
temperature,  from  32^  to  90°  F.  In  the  vicinity  of  Long 
Island  the  water  temperature  in  the  summer  seldom  rises  above 
75  \  while  from  May  1  to  November  1  it  seldom  falls  below 
60^.  Tem])erature  has  more  effect  on  the  spawning  of  the 
oyster  than  upon  the  growth  of  the  adults.  The  temperature 
limits  for  spawning  are  about  65^  to  80°  F.  Sudden  changes 
of  temperature  are  unfavorable. 

SPECIFIC  GRAVITY.  The  Specific  gravity  of  fresh  water  is 
1.000;  the  specific  gravity  of  sea-water  is  about  1.025.  The 
sj)ecific  gravity  varies  with  the  salinity  of  the  water.    Oysters 
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are  said  to  thrive  best  when  the  density  is  between  1.011  and 
1.022.  They  seldom  Hve  in  water  where  the  specific  gravity 
falls  below  1.007  for  any  considerable  period  of  time.  The 
range  of  specific  gravities  over  the  present  oyster-beds  in  the 
Great  South  bay  is  from  1.013  to  1.020.  Density  affects  the 
spawning  of  the  oyster  more  than  the  adults.  Spawning  takes 
place  more  readily  in  waters  of  comparatively  low  density. 
Sudden  changes  in  density  are  unfavorable. 

CHARACTER  OF  THE  BOTTOM.  Muddy  bottoms  are  unfavor- 
able to  the  growth  of  oysters  and  are  especially  deleterious  to 
the  young  fry.  On  the  other  hand,  muddy  bottoms  near 
oyster-beds  are  advantageous  to  adult  oysters,  as  the  amount 
of  food  supply  is  more  likely  to  be  plentiful.  Muddy  bottoms 
tend  to  produce  oysters  of  long  and  irregular  shape. 

CURRENTS.  Oysters  grow  best  in  moving  waters,  as  the 
organisms  are  sedentary  and  require  their  food  to  be  brought 
to  them.  Moving  waters  also  facilitate  the  fertilization  of 
the  eggs.  Currents  are  deemed  satisfactory  if  the  velocities 
exceed  J4  i^ii^e  per  hour.  Heavy  seas  may  cause  damage  by 
depositing  mud,  sand  and  other  debris  upon  the  beds. 

DEPTH  OF  WATER.  The  depth  of  water  seems  to  influence 
the  growth  of  oysters  but  little,  as  they  are  found  growing  any- 
where from  0  to  90  feet  below  the  surface.  In  most  localities 
the  depth  of  water  over  the  beds  is  from  5  to  25  feet.  Depth 
^flFects  the  convenience  of  harvesting  and  the  care  of  the  beds 
more  than  it  does  oyster  growth. 

FOOD  SUPPLY.      The   food   supply  of  oysters  consist   of 
microscopic  organisms  that  float  in  the  water  and  that  are 
sometimes  collectively  referred  to  as  "  plankton."    By  far  the 
larger  part  of  the  food  supply  consists  of  diatoms.     These 
microscopic  plants  have  a  silicious  shell  wall  and  are  heavier 
than  w^ater.    They  are,  however,  found  at  all  depths  and  their 
vertical  distribution  is  controlled  chiefly  by  the  wind.     Gen- 
erally speaking,  the  microscopic  organisms  are  more  abundant 
in  warm  weather  than  in  cold  weather.     Oysters  fatten  most 
rapidly  in  the  autumn  after  the  spawning  season.     The  fer- 
tility of  oyster  feeding  grounds  depends  upon  the  number  of 
diatoms  in  the  water.    This  matter  has  been  studied  carefully 
by  the  experts  of  the  U.  S.  Department  of  Fisheries  and  it  has 
been  found  that  the  condition  of  the  oyster  is  largely  dependent 
on  the  abundance  of  the  supply  of  diatoms.     Many  studies 
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have  been  made  to  ascertain  the  rate  at  which  oysters  feed, 
but  no  definite  conclusions  have  yet  been  reached.  It  is  said 
that  the  amount  of  water  strained  by  an  oyster  in  its  search 
for  food  amounts  to  several  gallons  per  day. 

DENSITY  OF  GROWTH.  Overcrowding  produces  ill-shaped 
oysters.  To  prevent  this  it  is  customary  to  limit  the  number 
of  oysters  sown  on  the  Long  Island  beds  to  about  300  bushels 
per  acre,  that  is,  to  about  60  oysters  per  square  yard,  which 
allows  21  square  inches  of  space  per  oyster. 

ENEMIES  OF  THE  OYSTER.  Young  oystcr  fry  are  destroyed 
in  enormous  numbers  by  molluscs  and  fishes  and  are  even  con- 
sumed by  adult  oysters.  Sponges,  worms  and  various  hydroida 
use  them  as  food.  The  young  oyster  spat  are  often  smothered 
by  mussels,  lingulas,  sponges,  barnacles,  and  tube-building 
worms,  as  well  as  by  various  kinds  of  seaweed.  Among  the 
more  active  enemies  of  the  adult  oyster  are  the  starfish,  the 
drumfish,  drills,  boring  sponges,  and  periwinkles.  Of  these  the 
starfish  is  the  worst. 

Commercial  Aspects 

The  best  oysters  are  round  in  shape  and  have  a  deep  bowl, 
with  the  shell  full  of  meat  and  the  flesh  firm  and  light  colored 
Dark  gray,  watery  oysters  are  not  considered  first-class.  Taste 
depends  partly  upon  saltness  and  partly  upon  the  oyster  it- 
self. 

Oysters  are  sold  in  two  ways,  in  the  shell  and  in  bulk.  The 
shell  oysters  are  graded  in  size  according  to  use.  The  shucked 
oysters  are  largely  used  for  long  distance  shipments. 

Oysters  in  the  shell  are  sometimes  floated,  that  is,  placed 
for  a  time  in  water  fresher  than  that  in  which  they  grew  before 
marketing.  This  is  partly  to  freshen  them,  partly  to  increase 
their  size  and  partly  to  improve  their  keeping  qualities.  When 
conducted  in  clean  water  it  is  not  very  objectionable,  but  when 
the  water  is  contaminated  with  sewage,  as  it  often  is,  the 
hygienic  quality  of  the  oyster  is  threatened.  This  practice  is 
to  a  considerable  extent  going  out  of  use. 

Quality  of  the  Oyster  Sold  to  the  New  York  Market 

In  order  to  obtain  some  idea  of  the  quality  of  the  diflFerent 
oysters  sold  in  the  New  York  markets,  samples  were  purchased 
during  November,  1907,  from  various  dealers  and  examined 
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as  to  their  general  condition  and  as  to  the  presence  of  objec- 
tionable bacteria.  Out  of  13  different  lots  purchased,  eight 
contained  at  least  one  oyster  that  gave  a  positive  test  for 
B.  coli,  while  five  lots  failed  to  show  this  indication  of  con- 
tamination. Of  the  three  lots  said  to  come  from  Cape  Cod, 
two  gave  no  indications  of  contamination,  while  the  third  one 
did.  The  oysters  said  to  come  from  Connecticut  gave  positive 
tests  for  B.  coli,  as  did  those  from  New  Jersey,  from  Lynn 
Haven  and  Jamaica  bay.  Of  five  lots  from  Rockaway,  three 
gave  positive  tests  for  B.  coli.  Considering  all  the  lots  to- 
gether, about  35  per  cent,  of  the  oysters  showed  the  presence 
of  B.  coli  in  one  cubic  centimeter  of  the  liquor  found  in  the 
shells.  This  is  a  somewhat  smaller  per  cent,  than  has  been 
found  by  those  who  have  carried  on  similar  investigations  in 
this  City. 

GREAT  SOUTH  BAY 

General  Description 

The  Great  South  bay  is  one  of  a  series  of  land-locked 
bodies  of  brackish  water  that  extends  along  the  southern  shore 
of  Long  Island.  Named  in  their  order,  from  west  to  east, 
these  bays  are,  Jamaica  bay,  Hempstead  bay,  South  Oyster 
bay,  Great  South  bay,  Moriches  bay,  Shinnecock  bay.  They 
are  all  formed  by  a  ridge  of  sand  that  lies  at  an  average  dis- 
tance of  about  three  or  four  miles  from  the  main  shore  of  the 
island  and  parallel  to  it.  This  ridge  forms  a  series  of  beaches 
broken  at  intervals  by  inlets.  The  principal  beaches  are  known 
as  Coney  Island;  Rockaway  beach,  enclosing  Jamaica  bay; 
Long  beach,  enclosing  Hempstead  bay;  Jones  beach;  Oak 
Island  beach;  Fire  island  and  Great  South  beach,  enclosing 
the  Great  South  bay;  West  Hempstead  beach,  enclosing 
Moriches  bay,  etc.  The  sand  ridge  is  comparatively  narrow, 
its  width  often  being  not  over  J4  mile  and  seldom  over  a  mile. 
The  elevation  is  seldom  over  50  feet  and  in  many  places  it  is 
less.  The  inlets  to  the  bay  are  small  and  not  permanent. 
Within  comparatively  recent  years,  old  inlets  have  been  almost 
closed  and  new  ones  opened.  The  Fire  Island  inlet  is  con- 
stantly making  westward.  Less  than  a  century  ago  the  end  of 
the  bar  was  in  the  vicinity  of  the  present  lighthouse.  To-day 
it  is  nearly  two  miles  west  of  the  lighthouse  and  there  are  indi- 
cations that  this  natural  process  is  still  going  on. 

Jamaica  bay  is  a  separate  one,  but  the  other  bays  are  con- 
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nected  together.  The  Great  South  bay  is  connected  with 
Moriches  bay  on  the  east,  by  a  narrow  channel  and  on  the  west 
with  a  series  of  bays,  much  broken  up  with  islands.  Moriches 
bay  is  connected  with  Shinnecock  bay  and  the  latter  is  con- 
nected with  Peconic  bay  by  means  of  the  Peconic  canal,  and 
occasionally  with  the  ocean  by  means  of  artificial  channels  cut 
through  the  bar.  These  channels  fill  up  with  sand  after  a 
time.  The  principal  inlet  of  the  Great  South  bay  is  the  Fire 
Island  inlet  and  the  extreme  eastern  and  western  portions  of 
the  bay  are  more  or  less  stagnant  so.  far  as  tidal  flow  is  con- 
cerned. 

The  Great  South  Bay  is  about  25  miles  long,  from  a  point 
a  few  miles  west  of  Babylon  to  a  point  a  few  miles  east  of 
Bellport.  The  width  of  the  bay  varies  from  1J4  to  5  miles 
and  averages  about  three  miles.  The  50Uth  shore  formed  by 
the  sand  of  the  bar  is  almost  straight,  but  the  northern  shore 
is  broken  into  a  series  of  bays,  several  of  which  are  estuaries 
of  streams. 

The  main  current  of  sea-water  enters  the  bay  at  Fire  Island 
inlet  through  a  channel  ^  mile  wide,  extending  in  a  general 
easterly  direction  between  Sexton  island  and  Fire  island.  Near 
Fire  Island  light  the  channel  divides  into  the  west  channel 
that  extends  northward  and  the  east  channel  that  follows  the 
line  of  the  beach  easterly  to  the  Point  of  Desire.  Both  of 
these  channels  are  narrow  and  the  depth  of  the  water  is  be- 
tween 15  and  25  feet. 

The  bay  as  a  whole  is  comparatively  shallow.  The  deepest 
portions  extend  from  Bayshore  to  Patchogue  and  lie  from 
%  mile  to  2  miles  from  the  main  shore.  For  the  most  part 
the  regions  within  V/z  miles  of  the  sandbar,  which  forms  the 
south  shore,  are  shallow,  although  broken  here  and  there  near 
the  inlet  with  channels.  The  easterly  and  westerly  ends  of  the 
bay  are  also  shallow.  In  the  deeper  portions  of  the  bay  the 
depths  run  from  6  to  12  feet ;  over  the  flats  they  run  from  one 
to  six  feet. 

For  the  most  part  the  floor  of  the  bay  is  hard  and  sticky, 
but  in  some  places,  especially  near  the  east  end,  the  bottom  is 
soft.  Over  the  oyster-beds  the  character  of  the  bottom  has 
been  materially  altered  by  its  continuous  use  for  oyster  cul- 
ture. In  some  regions  areas  of  mud  and  shell  bottoms  are 
closely  alternated. 

The  watershed  tributary  to  the  bay  has  an  area  of  about 
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252  square  miles.  It  extends  the  entire  length  of  the  bay,  but 
is  deeper  on  the  eastern  half  where  the  streams  are  longer  and 
where  the  amount  of  fresh  water  entering  is  larger.  The 
narrowest  portion  of  the  watershed  is  opposite  Bay  shore.  The 
rainfall  over  the  watershed  averages  about  45  inches  per  year, 
and  the  amount  of  water  reaching  the  bay,  including  both  sur- 
face and  underground  water,  has  been  estimated  to  be  about 
1.2  million  gallons  per  square  mile  per  day.  For  a  total  drain- 
age area  of  252  square  miles  this  amounts  to  about  300  million 
gallons  per  day.  To  this  must  be  added  the  rain  which  falls 
on  the  bay,  that  is,  45  inches  over  90  square  miles,  or  about 
194  million  gallons  per  day.  Hence  the  bay  receives  on  an 
average  494  million  gallons  of  fresh  water  daily.  Of  course 
this  quantity  varies  greatly  according  to  the  rainfall,  the  fig- 
ures given  being  mere  averages. 

The  surface-water  enters  at  the  north  side.  The  ground- 
water enters  partly  at  the  north  side  and  partly  at  other  points 
in  the  bay,  possibly  in  the  form  of  springs.  On  account  of  the 
greater  amount  of  fresh  water  entering  at  the  north  side,  the 
water  is  less  saline  there  than  at  points  on  the  south  side 
directly  opposite.  This  distribution,  however,  is  due  partly  to 
the  disturbing  eiTects  of  currents  and  the  shallow  areas  near 
the  shore. 

The  following  is  a  summary  of  various  data  relating  to  the 
Great  South  bay : 


Length   25  miles 

Width 1.5  to  5  miles 

Area 90  square  miles 

Depth  of  water  in  entry  chan- 

nels 15  to  35  feet 

Depth  of  water  over  the  flats . .      1  to  6  feet 
Average  depth  of  the  bay  at  low 

water 4.25  feet 

Approximate  range  of  tides. . .  1.5  feet 
Volume  of  water  in  the  bay  at 

low  tide 105,000  million  gallons 

Area  over  which  the  depth  at 

low  tide  is  less  than  6  feet. . .    51  square  miles  (57  per  cent.) 
Area  over  which  the  depth  at 

low  tide  is  more  than  6  feet. .    39  square  miles  (43  per  cent.) 
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Drainage  area  tributary  to  the 

bay   252  square  miles 

Population  per  square  mile  on 

this  drainage  area 100 

Rainfall   on   watershed,   inches 

per  annum 45 

Estimated  average  flow  of  fresh 

water    from    watershed    into 

bay,    including    surface    and 

ground-water  in  gallons  per 

day  per  square  mile 1,200,000 

Estimated  average  flow  of  fresh 

water    from    watershed    into 

bay    in    million    gallons    per 

day 300 

Estimated    rainfall    over    bay, 

expressed    as    average    daily 

flow  in  million  gallons 194 

Estimated   total   flow   of   fresh 

water  into  bay  in  million  gal- 
lons daily 494 


Tides  and  Currents 

Fire  Island  inlet  is  comparatively  narrow,  averaging  less 
than  ^  mile  in  width.  Its  length  is  about  two  miles.  At  Sta- 
tion F  in  the  inlet  (see  Sheet  113,  Ace.  L  577),  where  current 
observations  were  made,  the  width  is  3600  feet  and  the  maxi- 
mum depth,  30  feet.  At  this  section  there  are  2  deep  channels 
separated  by  comparatively  shallow  water.  The  north  channel 
is  800  feet  wide  and  25  feet  deep,  and  the  south  channel  400 
feet  wide  and  20  feet  deep.  Between  the  channels  for  a  length 
of  1800  feet  the  depth  varies  from  3  feet  to  10  feet. 

On  October  21,  1907,  a  series  of  gagings  was  made  at 
Station  F  in  the  Fire  Island  inlet,  the  results  of  which  are 
shown  on  Sheet  1 14,  Ace.  L  579.  On  this  date  the  total  range 
of  the  tide  at  the  inlet  was  found  to  be  3.3  feet,  while  at  the 
same  time  it  was  1.0  foot  at  Babylon  and  0.9  foot  at  Patch- 
ogue.  The  high  and  low  water  on  this  date  occurred  as  shown 
l)y  the  following  figures : 


SHEET   114 
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HIGH  AXD  LOW  WATER,  OCTOBER  21.  1907 


Station*         Time — Low  Water    Time — High  Water  Remarks 


Fire  Island, 

Inlet  dock. . .  1.30  P.M.  -f.70  7.15  P.M.+  .40  From  scale  readings 

Babylon 4.50  P.M.  +.09  10.00  P.M.  +1.18  "       recording  tide  gage 

Patchogue COO  P.M.  +.70  11.00  A.M.  +1.60  "       scale  readings 


Computations  made  from  these  gagings  showed  that  1954 
million  cubic  feet  of  water  entered  the  bay  on  the  flood  tide 
and  WAS  million  cubic  feet  left  the  bay  on  the  ebb  tide. 

On  December  7,  1907,  a  second  series  of  gage  readings  was 
made  at  Station  F  in  Fire  Island  inlet,  the  results  of  which 
are  shown  in  the  upper  diagram  on  Sheet  117,  Ace.  L  578. 
On  this  date  the  tidal  range  was  from  1.4  feet  below  mean 
tide  level  to  1.9  feet  above  it, — that  is,  3.3  feet.  Flood  tide 
began  about  3.2  hours  after  low  water,  and  continued  for 
about  5.5  hours.  The  duration  of  the  ebb  tide  was  about  7 
hours,  but  this  was  not  accurately  determined. 

At  low  water  the  mean  velocity  of  the  outgoing  water  at 
the  point  "  M  "  in  the  deep  channel  at  the  meter  station  (see 
location  on.  Sheet  114,  Ace.  L  579)  was  3.8  feet  per  second. 
Between  low  water  and  slack  tide  the  velocity  of  the  outward 
current  gradually  decreased  until  it  became  zero  a  few  minutes 
after  mean  tide  level  had  been  reached.  The  current  then  set 
inwards,  and  increased  rapidly.  One  hour  after  slack  tide 
it  was  between  2.5  and  3.0  feet  per  second.  The  maximum 
inward  velocity  was  reached  at  high  tide  and  was  about  3.4 
feet  per  second.  At  slack  tide  after  high  water  the  velocity 
again  became  zero,  and  the  outward  current  began  to  increase 
rapidly.  At  low  tide  a  velocity  of  3.85  feet  per  second  was 
reached. 

Current  measurements  were  made  on  December  7  at  other 
points  than  "  M  "  in  the  cross-section  of  the  inlet  at  Station  F. 
The  results  have  been  shown  on  a  series  of  diagrams  not  here 
reproduced.  The  curves  indicate,  as  did  those  worked  up 
from  the  measurements  of  October  21,  1907  (See  Sheet  114, 
Ace.  L  579)  that  the  velocities  were  greatest  in  the  deep 
channel.  Taking  the  section  as  a  whole  the  duration  of  flood 
tide  was  found  to  be  5.75  hours,  and  ebb  tide  6.80  hours.  The 
mean  velocity  of  the  flood  tide  was  2.07  feet  per  second,  and 
of  the  ebb  tide  1.42  feet  per  second.  If  the  cross-section  of 
the  section  is  taken  as  47,300  square  feet,  then  the  volume  of 
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water  that  entered  the  bay  on  the  flood  tide  was  2020  million 
cubic  feet  and  the  volume  that  left  the  ebb  tide  was  1640  mil- 
lion cubic  feet.  The  difference  amounts  to  380  million  cubic 
feet, — hence,  as  the  area  of  the  bay  is  about  2500  million  square 
feet,  the  excess  of  inflow  was  enough  to  raise  the  general 
level  by  about  1^  inches.  The  automatic  gage  at  Babylon 
showed  that  between  the  afternoon  of  December  7  and  thef 
forenoon  of  December  8  the  mean  tide  level  rose  by  a  little 
less  than  that  amount.  (Sheets  115  and  116,  Aces.  5540  and 
5586.) 

From  these  data  it  appears,  then,  that  the  volume  of  water 
that  passes  through  the  Fire  Island  inlet  is  in  round  numbers 
about  1900  million  cubic  feet  at  each  tide,  or  say  3600  million 
cubic  feet  per  day.  This  is  equivalent  to  about  1.45  feet  over 
the  entire  surface  of  the  bay  or  about  0.7  foot  at  each  tide.  Tide 
levels  taken  by  means  of  an  automatic  gage  at  Babylon  from 
August  8  to  January  13,  1908,  showed  an  average  tidal  range 
at  that  point  of  0.82  foot. 

If  the  average  discharge  of  water  through  the  inlet  is  3600 
million  cubic  feet  per  day,  this  amounts  to  about  27,000  mil- 
lion gallons  a  day.  The  total  capacity  of  the  bay  is  about 
105,000  million  gallons  at  low  tide ;  hence,  the  outflow  amounts 
to  about  a  quarter  of  the  volume  of  the  bay  at  low  tide. 

Studies  of  the  chlorine  contents  of  the  water  leaving  the 
bay  through  the  inlet  at  ebb  tide  show  that  the  outgoing  water 
contains  only  about  3.5  per  cent,  of  fresh  water,  or  about  126 
million  cubic  feet  of  fresh  water  a  day,  or  about  942  million 
gallons  of  fresh  water  a  day.  The  average  yield  of  the  wa- 
tershed, including  the  rainfall  on  the  bay,  is  about  494  million 
gallons  per  day;  hence,  on  this  basis  53  per  cent,  of  the  fresh 
water  that  flows  out  at  each  tide  does  not  come  back  into  the 
bay  on  the  next  tide. 

On  both  days  when  current  observations  were  made  at  the 
Fire  Island  inlet  the  inflow  of  the  water  was  greater  than  the 
outflow  from  the  bay  as  far  as  the  facts  were  indicated  by  ob- 
servations covering  one  course  of  tides.  This  condition  is  not 
the  usual  one ;  on  the  contrary  the  outflow  is,  of  course,  greater. 
The  tidal  records  at  Babylon,  however,  show  marked  changes 
in  the  level  of  mean  tide,  due  to  astronomical  and  meteoro- 
logical causes.  The  fluctuations  due  to  the  former  occur  at 
intervals  of  about  two  weeks  and  amount  to  a  foot  or  less ;  the 
differences  due  to  the  wind  are  more  irregular. 
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The  rainfall  materially  increases  the  elevation  of  the  wa- 
ter in  the  bay.  Thus  on  November  24,  1908,  after  a  rainfall 
that  amounted  to  1.72  inches  at  Moriches  and  1.79  inches  at 
Babylon,  the  elevation  of  high  water  increased  from  1.45  feet 
to  3.15  feet. 

The  data  indicate  that  there  may  be  periods  of  several  days 
at  a  time  when  sea-water  is  accumulating  in  the  bay,  such  a 
period  being  followed  by  a  complementary  period  when  the 
accumulated  water  pours  out  of  the  bay. 

The  results  of  current  observations  at  various  points  in  the 
bay  are  given  on  Sheet  117,  Ace.  L  578,  and  summarized  in 
Table  38. 

At  the  Fire  Island  inlet  the  average  velocity  of  the  current 
was  about  1.5  miles  per  hour;  at  a  point  opposite  Bayshore 
in  the  west  channel,  0.65  mile;  at  a  point  opposite  Xicoll's 
point,  0.60  mile;  near  Blue  Point,  0.24  mile;  near  Howell's 
point,  0.35  mile;  near  the  west  of  Carman's  river,  0.17  mile. 
In  the  west  portion  of  the  bay  the  current  velocity  at  a  point  in 
the  main  channel  opposite  Babylon  was  0.71  mile  per  hour; 
and  opposite  Breslau  (Lindenhurst),  0.31  mile.  The  maximum 
velocities  were  from  25  per  cent,  to  50  per  cent,  higher  than 
the  mean  velocities.  The  ebb  tide  velocities  were,  in  general, 
somewhat  higher  than  those  of  flood  tide.  The  velocities  at  the 
bottom  were  less  than  those  at  the  surface. 

These  figures  indicate  the  existence  of  currents  amply  suf- 
ficient to  supply  the  oysters  with  a  change  of  water  and  bring 
with  it  abundance  of  food  supply. 

In  the  middle  of  the  bay,  over  the  main  oyster-beds,  the 
average  movement  of  the  water  back  and  forth  is  at  the  rate 
of  about  0.46  mile  per  hour.  During  tlie  ebb  tide  the  water 
advances  in  its  outward  flow  about  3  1/3  miles,  while  during 
flood  tide  it  is  forced  back  about  2j^  miles.  The  data  at  hand 
are  not  sufficient  to  enable  one  to  calculate  how  long  it  takes 
a  particle  of  water  to  flow  across  and  out  of  the  bay,  and  the 
figures  given  serve  merely  to  show  the  very  thorough  circula- 
tion of  water  over  the  oyster-beds  bv  reason  of  the  tidal  flow. 
This  is  augmented  at  times  by  the  action  of  the  wind. 

The  westward  growth  of  the  bar  at  Fire  Island  inlet  is 
tending  to  increase  the  length  of  the  entry  channel  and  this 
tends  to  reduce  the  tidal  range  of  the  water  in  the  bays.  Ac- 
cording to  the  U.  S.  Coast  Survey,  the  tidal  range  of  the  water 
at  Sandv  Hook  varies  from  4.4  feet  to  5.3  feet.    The  old  rec- 
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ords  kept  by  the  government  appear  to  show  that  the  tidal 
range  in  the  Great  South  bay  is  lessening.  Between  August 
1  and  30,  1850,  the  result  of  57  observations  show-ed  that  the 
tidal  range  at  the  Fire  Island  inlet  was  2.1  feet.  Between 
August  16  and  October  15,  1873,  the  result  of  47  observations 
gave  a  tidal  range  of  1.8  feet.  Between  August  13  and  August 
31,  1875,  the  result  of  19  observations  showed  the  tidal  range 
to  be  1.91  feet.  The  tidal  records  kept  by  the  automatic  gage 
at  Babylon  between  August,  1907,  and  August,  1908,  showed 
the  average  tidal  range  at  that  point  to  be  0.8  foot. 

If  the  bay  had  a  larger  opening  the  tidal  range  would  be 
greater,  just  as  it  is  in  Jamaica  bay,  where  it  is  upwards  of 
four  feet.  The  gradual  change  of  the  inlet  in  the  future,  if 
the  present  growth  of  the  bay  continues,  will  lower  the  tidal 
range.  This  will  naturally  tend  to  hold  the  fresh  water  in  the 
bay  for  a  longer  period  than  at  present  and  hence  to  lower  the 
specific  gravity  of  the  water  over  the  oyster-beds.  Just  how 
great  this  effect  will  be  cannot  be  said  from  any  existing  data, 
but  its  tendency  will  be  to  counteract  the  effect  of  the  pro- 
posed diversion  of  the  ground-water. 

TEMrERATURE 

The  temperature  of  the  water  in  the  bay  was  determined 
during  the  course  of  the  investigation,  but  the  results  are  not 
here  included. 

Salinity  of  the  Water.    Observations  Made  in  1907 

The  salinity  of  the  water  jnay  be  determined  in  two  ways ; 
directly,  by  ascertaining  the  amount  of  chlorine  in  the  water 
in  parts  per  million,  and  indirectly  by  measuring  its  specific 
gravity.  The  relation  between  the  two  is  shown  by  the  table 
following. 

The  sea-water  off  the  southern  coast  of  Long  Island  nor- 
mally contains  about  17,500  parts  per  million  of  chlorine  and 
has  a  specific  gravity  of  1.025.  The  fresh  waters  that  enter 
the  Great  South  bay  have  chlorine  contents  that  range  from  6 
to  16  parts  per  million,  but  these  figures  are  so  low  in  com- 
parison with  those  of  sea-water  that  they  may  be  practically 
ignored  in  making  calculations.  For  purposes  of  comparison 
the  following  table  has  been  made  out,  showing  the  specific 
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gravity  and  the  chlorine  content  of  water  containing  various 
percentages  of  sea-water: 

TABLE  SHOWING  THE  RELATION   BETWEEN  THE  SPECIFIC  GRAVITY 
,  OF  SEA-WATER  AT  60"  F..  AND  THE  CHLORINE  IN 

PARTS  PER  MILLION 

(Based  on  some  experiments  made  at  Mt.  Prospect  Laboratory,  1903) 


Chlorine — 

♦Per  cent. 

Chlorine — 

♦Per  cent. 

Specific 

Parts  per 

OP 

Parts  per 

Specific 

OF 

Gravity 

Million 

Sea- Water  ' 

Million 

Gravity 

Sea-water 

1.000 

0 

•   • 

0 

1.000 

0 

1.001 

720 

4 

1,000 

1.0014 

6 

1.002 

1,440 

•    • 

2.000 

1.0028 

11 

1.003 

2.160 

12 

3,000 

1.0042 

17 

1.004 

2.880 

16 

4.000 

1.0056 

23 

1.005 

3.600 

21 

5.000 

1.0070 

29 

1.006 

4.320 

25 

6,000 

1.0083 

34 

1.007 

5.040 

29 

7.000 

1.0097 

40 

1.008 

5.760 

33 

8.000' 

1.0111 

40 

1.009 

6.480 

37 

9,000 

1.0125 

52 

1.010 

7,200 

41 

10,000 

1.0139 

57 

1.011 

7,920 

45 

11.000 

1.0153 

63 

1.012 

8.640 

49 

12,000 

1.0167 

69 

1.013 

9,360 

53 

13.000 

1.0181 

74 

1.014 

10.080 

57 

14,000 

1.0195 

80 

1.015 

10,800 

62 

15,000 

1.0209 

85 

1.016 

11.620 

66 

16,000 

1.0222 

92 

1.017 

12,240 

70 

17,000 

1.0236 

97 

1.018 

12.960 

74 

17.500 

1.0243 

100 

1.019 

13.680 

78 

18,000 

1.0250 

.  •  • 

1.020 

14.400 

82 

1.021 

15,120 

86 

1.022 

15.840 

90 

1.023 

16.560 

95 

.  1.024 

17.280 

99 

1.0243 

17,500 

100 

1.025 

18.000 

■   •   • 

♦Sea- water  taken  as  that  containing  17.500  parts  of  chlorine  per  million 

During  November  and  December,  1907,  over  300  samples 
of  water  were  collected  at  various  points  in  the  Great  South 
bay  between  Cedar  island  on  the  west  and  Smith's  point  on 
the  east.  At  first  samples  were  collected  at  points  somewhat 
irregularly  distributed  over  the  entire  bay,  but  later  several 
series  of  samples  were  collected.  Three  of  these  series  of 
samples  were  collected  on  east  and  west  lines  from  Babylon 
to  Patchogue.  Three  series  of  samples  were  collected  on  north 
and  south  lines;  one  opposite  Bayshore,  one  opposite  Nicoll's 
point,  and  one  opposite  Blue  Point.  Seven  series  were  col- 
lected at  certain  fixed  points  in  the  bay  through  a  complete 
course  of  tides.  In  addition  to  these,  numerous  other  sam- 
ples were  collected  at  random  in  connection  with  the  taking 
of  samples  of  oysters.    In  many  cases,  especially  at  first,  sam- 
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pies  were  collected  both  at  the  surface  and  at  the  bottom,  but 
after  it  was  found  that  the  differences  between  the  two  depths 
were  not  very  great,  many  of  the  surface  samples  were  dis- 
continued, and  only  the  samples  at  the  bottom  taken  for 
analysis. 

These  samples  were  analyzed  for  chlorine.  Most  of  the 
observations  were  made  by  Mr.  Fred.  G.  Rennet,  Assistant 
Engineer,  many  were  made  in  the  laboratory  of  the  New  York 
Water  Ek)ard  at  Varick  street,  and  a  few  were  made  in  the 
laboratory  of  Hazen  and  Whipple. 

For  purposes  of  study  these  chlorine  observations  have 
been  plotted  on  a  map  of  the  Great  South  bay,  Sheet  118, 
Ace.  5538,  according  to  their  location,  and  from  these  points 
lines  representing  equal  amounts  of  chlorine  have  been  drawn. 
On  this  map  two  sets  of  lines  are  shown.  First,  a  series  of 
irregular  full  lines  representing  the  distribution  of  chlorine 
according  to  those  samples  that  were  collected  at  or  near  high 
tide,  and  second,  a  series  of  broken  lines  based  on  samples 
collected  at  or  near  low  tide. 

It  will  be  noticed  that  the  isochlors  based  on  the  high  tide 
samples  tend  to  follow  the  currents  that  enter  the  bay.  There 
is,  for  instance,  evidence  of  the  fact  that  the  entering  sea-water 
passes  northward  through  the  west  channel  between  Sexton 
island  and  Fire  island.  There  is  also  seen  to  be  a  <lrift  of 
salt  water  down  the  center  of  the  bay  in  a  general  direction 
corresponding  with  the  east  channel  and  at  the  area  of  deep 
water.  At  times  of  high  tide,  or  when  the  sea-water  is  run- 
ning into  the  bay,  the  chlorine  contents  appear  to  be  some- 
what higher  in  the  middle  of  the  bay  than  at  the  shores.  Thin 
is  well  shown  by  the  high  water  isochlors  in  the  middle  sec- 
tion of  the  bay.  The  effect  of  this  appears  to  be  lessened, 
however,  by  the  time  the  flow  has  reached  Heliport  bay. 

The  isochlors  based  on  the  low  tide  observations  are  more 
regular  and  show  a  more  uniform  distribution  of  the  chlorine 
in  north  and  south  lines,  and  this  is  prf>l)ably  due  to  diffusion 
and  to  the  intermingling  of  currents  after  the  water  has  been 
for  some  time  in  the  bay.  Xo  doubt  the  wind  has  much  to 
do  with  this  mixing  of  the  waters,  especially  at  times  when  it 
is  blowing  freely  from  the  north  or  south.  On  account  of  the 
greater  stability  of  these  low  tide  isochlors  they  are  more 
serviceable  for  use  in  studying  the  distribution  of  sea- water 
in  the  bay  and  in  making  calculations  of  what  it  will  be  after 
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a  portion  of  the  fresh  water  now  entering  the  bay  has  been 
diverted  from  it  than  the  high  tide  isochlors. 

Looking  at  these  low  tide  isochlors,  it  will  be  noticed  that 
in  the  western  part  of  the  bay,  near  the  inlet,  the  lines  extend 
from  northwest  to  southeast,  while  in  the  eastern  portion  of 
the  bay  the  lines  are  more  nearly  north  and  south.  The  reason 
for  the  general  inclination  of  the  isochlors  in  this  northwest 
and  southeast  direction  is  the  fresh  water  that  enters  on  the 
north  side  and  the  fact  that  the  entering  currents  remain  some- 
what closer  to  the  sandbar  on  the  south  side  than  to  the  main 
shore  on  the  north  side.  If  the  observations  are  studied  closely, 
indications  can  be  seen  of  the  effect  of  the  inflow  of  the  large 
streams,  such,  for  instance,  as  that  of  the  Connecticut  river. 
The  influence  of  this  stream,  taken  in  connection  with  that 
of  the  promontory  known  as  NicoU's  point,  tends  to  make  the 
water  in  Nicoirs  bay  somewhat  fresher  than  it  otherwise  would 
be.  One  curious  condition  of  the  distribution  of  salt  water 
was  observed  in  Bellport  bay  just  east  of  Howell's  point.  Here 
was  found  a  small  region  considerably  more  saline  than  the 
rest  of  the  water  in  Bellport  bay,  and  at  that  point  there  ap- 
pears to  be  a  sort  of  eddy,  the  fresh  water  of  Carman's  river 
passing  westward  to  the  south  of  it.  Whether  or  not  this  was 
influenced  by  the  channel  that  connects  Bellport  bay  with  Mori- 
ches bay  was  not  determined.  The  influence  of  the  greater 
amount  of  fresh  water  entering  the  bay  on  the  north  side  than 
on  the  south  side  is  shown  by  the  fact  that  the  isochlors  on  the 
north  side  make  a  sharper  angle  with  the  shore  than  on  the 
south  side. 

The  water  in  the  bay  west  of  the  Fire  Island  inlet  is  only 
sHghtly  less  saline  than  the  water  of  the  open  sea.  This  is 
probably  due  to  the  fact  that  it  receives  water  from  two  inlets, 
namely,  from  Gilgo  inlet  and  from  Fire  Island  inlet.  Gen- 
erally speaking,  the  water  in  the  bay  west  of  Babylon  contains 
from  85  per  cent,  to  95  per  cent,  of  sea-water.  Between 
Bayshore  and  NicolFs  point  the  percentage  of  sea-water  is 
between  75  and  85.  Between  Nicoll's  point  and  Blue  Point 
it  is  between  55  and  75.  Between  Blue  Point  and  Howell's 
point  it  is  between  35  and  55,  while  east  of  Howell's  point 
in  Bellport  bay  it  varies  from  35  to  25.  In  the  smaller  coves 
or  estuaries  of  the  inflowing  streams,  the  percentage  of 
sea-water  varies  from  this  latter  figure  down  to  zero.  These 
figures  refer  to  the  conditions  at  low  tide.     At  high  tide  the 
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percentages  of  sea-water  are  slightly  greater.  It  is  needless 
to  state  them  with  great  accuracy,  however,  as  they  are  subject 
to  more  or  less  change  according  to  the  volume  of  stream 
flow  and  tidal  flow.  The  latter  depends  partly  upon  various 
astronomical  conditions  covering  the  tides,  and  partly  upon  the 
direction  and  intensity  of  the  wind. 

Salinity  of  the  Water.    Observations  Made  in  1908 

A  preliminary  study  of  the  chlorine  distribution  in  the 
Great  South  bay  was  made  on  July  10,  11  and  12,  1908,  when 
two  lines  of  samples  were  collected  at  intervals  of  about  ^ 
mile  between  Babylon  and  Howell's  point.  Beginning  with 
July  29,  1908,  samples  were  collected  with  as  much  regularity 
as  possible  at  certain  (thosen^ -places  in  the  bay.  It  was  intended 
to  have  the  bay  covered  about  once  in  two  weeks,  but  in  order 
to  distribute  the  samples  over  the  diflFerent  phases  of  lunation 
the  plan  was  adopted  of  collecting  samples  on  two  successive 
weeks  and  then  skipping  two  weeks.  During  the  latter  part 
of  the  investigation  the  periods  were  more  regular. 

The  methods  of  analysis  and  the  general  conduct  of  the 
investigation  were  the  same  as  described  in  my  previous  report 
of  February  25,  1908,  covering  the  investigations  conducted 
during  November  and  December,  1907. 

Comparison  of  Salinity  Determinations  in  1907  and  1908 

The  diagrams  on  Sheet  119,  show,  in  a  general  way, 
the  diflFerences  between  the  amount  of  sea-water  in  the 
Great  South  bay  during  November  and  December,  1907,  and 
during  the  period  from  July  10  to  November  20,  1908.  The 
lines  on  these  diagrams  show  the  progressive  decrease  in  the 
chlorine  contents  from  the  Fire  Island  inlet  to  the  east  end 
of  the  bay  along  the  central  longitudinal  axis. 

It  will  be  seen  that  in  November  and  December,  1907,  there 
was  a  gradual  decrease  in  the  chlorine  content  in  an  easterly 
direction  from  about  17,000  parts  per  million  near  the  inlet 
to  6000  parts  per  million  at  the  east  end.  During  July,  1908, 
the  chlorine  in  the  water  showed  substantially  the  same  dis- 
tribution. The  summer  of  1908  proved  to  be  a  dry  one  and 
as  a  result  of  this  the  amount  of  fresh  water  in  the  bay  de- 
creased, until,  at  the  end  of  November,  the  amount  of  chlorine 
in  the  east  end  of  the  bay  was  about  10,000  parts  per  million 
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instead  of  7000  parts  per  million  a  few  months  previous.  There 
was  also  a  corresponding  increase  in  the  amount  of  chlorine 
at  other  points  in  the  bay.  This  increase  may  not  have  been 
entirely  due  to  the  dry  weather ;  it  may  have  been  due  in  part 
to  changes  in  the  gates  at  the  easterly  end  of  Shinnecock  bay, 
where  there  is  a  connection  with  the  waters  of  Peconic  bay, 
which  resulted  in  an  increased  salinity  of  the  water  both  in 
Shinnecock  bay  and  in  Moriches  bay.  The  data  are  not  suf- 
ficient to  warrant  any  definite  claim  of  this  kind,  but  the  in- 
formation obtained  appears  to  indicate  that  something  of  the 
sort  probably  occurred. 

Studies  of  the  chlorine  distribution  during  1907  showed 
that  at  times  of  high  tide  the  isochlors  were  somewhat  differ- 
ently located  than  at  low  tide.  For  example,  when  the  water 
was  flowing  into  the  bay,  that  is,  in  an  easterly  direction,  the 
isochlors  were  convex  to  the  east  along  the  lines  of  the  main 
channels,  but  when  the  tide  was  going  out,  that  is,  when  the 
flow  in  the  bay  was  westerly,  the  isochlors  were  mere  regular 
across  the  bay;  this  being  due,  apparently,  to  the  mixing  of 
the  water.  In  both  cases  the  isochlors  were  inclined  in  a  north- 
west and  southeast  direction,  showing  the  effect  of  the  greater 
inflow  of  fresh  water  on  the  northerly  side  of  the  bay. 

In  the  observations  of  1908  this  same  general  condition  was 
found  to  prevail,  and  it  was  further  observed  that  there  were 
differences  in  the  amount  of  salt  water  in  the  bay  that  cor- 
responded in  a  general  way  with  the  spring  tides  and  neap 
tides.  The  automatic  tide  gage  maintained  throughout  the 
season  at  Babylon,  Long  Island,  showed  fluctuations  of  a  foot 
or  more  in  the  mean  tide  level  between  the  spring  tides  and 
the  neap  tides.  Irregular  fluctuations  also  occurred,  due  to 
wind  and  rain.  When  the  mean  tide  level  was  high  there  were 
also  greater  variations  in  the  daily  range  of  tide.  Thus  it  hap- 
pened that  when  the  stage  of  the  water  at  the  mouth  of  the 
bay  was  low  there  was  a  greater  tendency  for  ground-water 
to  enter  the  bay  and  for  an  increased  flow  of  water  out  of  the 
bay.  On  the  other  hand,  when  the  water  at  the  inlet  was  high 
there  was  a  tendency  for  the  salt  water  to  enter  the  bay,  caus- 
ing an  increase  in  the  amount  of  chlorine. 

In  order  to  determine  more  closely  the  exact  elevation  of 
the  mean  sea-level  on  the  chlorine  in  the  bay,  series  of  daily 
samples  were  taken  during  the  month  of  November,  1908,  at 
Babylon,  Long  Island,  at  Xicoll's  point,  at  Blue  Point,  at  Bell- 
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port  harbor  and  at  Smith's  point,  samples  being  taken  both  at 
high  tide  and  low  tide.  The  results  of  these  analyses  are 
shown  in  the  figure  on  Sheet  120,  together  with  the 
mean  tide  level  at  Babylon  and  the  predicted  range  of  the 
tide  at  Sandy  Hook  as  given  in  government  tide  tables.  The 
results  obtained  were  somewhat  conflicting  and  are  not  fully 
explicable.  At  the  east  end  of  the  bay  the  amount  of  chlorine 
in  the  water  appeared  to  fluctuate  more  or  less  directly  with 
the  mean  tide  level  of  the  water,  but  at  the  other  points  men- 
tioned there  was  no  such  increase.  At  Nicoll's  point  there  was 
a  marked  increase  in  chlorine  between  November  10  and  15 
for  which  no  adequate  explanation  has  been   found. 

It  is  apparent  from  these  observations  that  the  amount  of 
salt  water  in  the  Great  South  bay  is  by  no  means  constant. 
Variation  in  rainfall  make  one  year  different  from  another 
year;  variation  in  the  mean  elevation  of  the  water,  due  to 
various  astronomical  conditions  affecting  the  tides,  and  to  the 
influence  of  strong  winds,  heavy  rainfalls,  etc.,  cause  periodic 
changes.  Then  there  are  also  variations  with  every  tide.  In 
addition  to  these  natural  conditions  there  are  the  artificial  con- 
ditions resulting  from  the  manipulation  of  the  gates  at  Shin- 
necock. 

No  observations  have  been  made  on  the  salinitv  of  the  wa- 
ter  during  the  spring  or  the  early  summer,  and  it  is  during 
the  months  of  May,  June  and  July  that  the  conditions  are 
most  critical  for  oyster  culture,  for  it  is  at  that  time  of  the 
year  that  the  oysters  are  spawning  and  that  their  real  growth 
occurs.  By  the  end  of  August  the  shells  of  the  oysters  have 
very  nearly  attained  the  extent  of  a  season's  growth  and  from 
that  time  on  the  physiological  processes  are  merely  sufficient 
to  keep  the  oyster  alive  until  the  next  growing  season.  It  is 
fair  to  assume  that  during  the  spring  and  the  early  summer  the 
amount  of  fresh  w^ater  in  the  bay  is  greater  than  during  the 
fall  of  the  year  when  the  observations  on  the  salinity  of  the 
water  have  been  made.  It  is  fair  to  assume  that  during  this 
growing  period  the  area  within  which  the  water  has  a  favor- 
able specific  gravity  lies  farther  to  the  westward  than  it  does 
later  in  the  season.  Consequently  the  effect  of  the  diversion 
of  the  ground-water  on  the  oyster-^beds  at  that  season  would 
naturally  be  less  than  later  in  the  summer.  It  is  desirable  to 
have  a  few  series  of  chlorine  determinations  made  during  the 
months  of  April,  May  and  June  in  order  to  determine  the 
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distribution  of  the  chlorine  in  the  water  during  the  oyster 
growing  season. 

The  year  1908  may  be  considered  as  an  abnormal  one  on 
account  of  the  low  rainfall  during  the  latter  part  of  the  sum- 
mer. Hence  the  calculations  showing  the  effect  of  diversion 
of  ground-water  at  that  time  ought  not  to  be  taken  as  repre- 
sentative of  ordinary  conditions.  The  observations  made  dur- 
ing July,  1908,  and  during  November  and  December,  1907, 
ought  to  represent  much  better  the  average  conditions  that 
prevail  in  the  bay  and  the  maps  prepared  for  the  year  1907 
may  be  regarded  as  more  nearly  expressing  the  average  con- 
ditions than  those  based  on  the  recent  data  obtained  during 
1908. 

The  observations  of  1908  are  valuable,  however,  as  indi- 
cating the  important  changes  that  may  occur  from  natural 
conditions  and  they  serve  to  explain  what  the  oyster  growers 
have  long  observed,  namely,  that  no  two  seasons  are  just  alike ; 
that  in  some  years  the  oysters  grew  best  in  the  easterly  part 
of  the  bay  and  that  in  other  years  they  grew  best  to  the  west- 
ward. 

For  example,  take  the  case  of  the  spawning  of  the  oyster. 
This  covers  a  comparatively  short  period  of  time  and  in  order 
that  a  good  set  shall  be  obtained  it  is  necessary  that  the  water 
be  of  a  proper  specific  gravity  and  at  a  proper  temperature. 
If  at  a  time  when  the  temperature  of  the  water  is  at  its  opti- 
mum the  mean  elevation  of  the  water  happens  to  be  low,  the 
specific  gravity  of  the  water  in  the  eastern  part  of  the  bay  will 
be  reduced  and  a  good  set  of  oysters  will  occur,  but  if  at  this 
time  the  mean  tide  level  happens  to  be  high,  the  specific  gravity 
of  the  water  in  the  bay  will  be  increased  and  the  chances  of 
a  good  set  of  oysters  will  be  lessened.  Some  oyster  growers 
claim  that  there  is  a  relation  between  rainfall  and  the  set  of 
the  oyster.  Others  claim  that  there  is  no  such  relation,  but 
that  temperature  is  the  governing  factor.  The  observations 
here  made  appear  to  indicate  that  the  salinity  of  the  water  as 
affected  by  tidal  conditions  prabably  plays  an  important  part 
in  determining  the  chances  of  a  good  oyster  set. 

During  the  fall  and  winter  the  effect  of  the  salinity  of 
the  water  on  the  oyster  is  comparatively  small.  During  that 
period  there  is  no  material  increase  in  the  size  of  the  shell. 
There  may  be,  however,  differences  in  the  plumpness  of  the 
oyster  meat  and  in  its  keeping  quality,  due  to  differences  in 
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salinity  of  the  water.  It  is  claimed  by  the  oystermen,  and  it 
seems  to  be  a  fact,  that  oysters  that  are  taken  from  water  in 
which  the  specific  gravity  is  comparatively  high  do  not  keep 
as  well  after  being  removed  from  the  water  as  oysters  taken 
from  fresher  water.  Indeed  this  is  one  reason  why  the  process 
of  "  floating  "  is  resorted  to.  Oysters  taken  from  waters  of 
unusually  high  specific  gravity  are  apt  to  be  somewhat  less 
plump  than  those  taken  from  fresher  water.  These  matters 
are,  however,  of  very  minor  importance  in  comparison  with 
the  question  of  growth  that  occurs  during  the  spring  and  early 
summer. 

Salinity  of  the  Water  Over  the  Oyster-Beds 

From  the  data  that  have  been  obtained,  isochlorine  maps 
of  the  bay  have  been  drawn  showing  the  salinity  of  the  water 
over  the  oyster-beds.  Sheet  122,  Ace.  5534,  shows  the  line 
of  equal  chlorine  in  parts  per  million,  based  on  the  data  ob- 
tained in  1907.  The  oyster-beds  are  indicated  by  the  cross- 
hatched  areas.  Sheet  123,  Ace.  5532,  shows  the  specific  gravity 
of  the  water,  deduced  from  the  chlorine  determinations.  The 
shaded  area  lying  between  specific  gravities  1.013  and  1.020 
shows  the  location  of  the  water  of  most  favorable  salinity  for 
the  growth  of  oysters,  based  on  the  observations  made  during 
1907. 

Sheet  124,  Ace.  8342,  shows  the  distribution  of  chlorine 
between  July  20  and  November  22,  1908,  on  the  days  when 
the  mean  elevation  of  the  water  was  lower  than  the  average 
for  the  period.  Sheet  125,  Ace.  8342,  shows  the  distribution 
of  chlorine  for  the  same  period  when  the  mean  elevation  of 
the  water  was  higher  than  the  average  for  the  period.  Sheet 
126,  Ace.  8342,  shows  the  isochlorine  lines  based  upon  all  the 
determinations  made  during  1908. 

Sheet  127,  Ace.  8532,  shows  the  location  of  the  water  that 
had  a  specific  gravity  between  1.013  and  1.020.  If  this  is  com- 
pared with  Sheet  123,  Ace.  5532,  it  will  be  seen  that  the  water 
most  favorable  for  the  growth  of  oysters  was  found  in  1908 
to  be  several  miles  further  east  than  it  was  during  1907.  It 
is  evident,  therefore,  that  the  w^ater  of  optimum  density  does 
not  occupy  a  constant  position  in  the  bay,  but  changes  accord- 
ing to  the  various  meteorological  and  tidal  conditions  above 
enumerated. 
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The  microscopic  organisms  in  the  central  portion  of  the 
Great  South  bay  were  found  to  be  somewhat  more  numerous 
near  the  central  axis  than  at  the  shore.  From  the  Connet- 
quot  river  to  Patchogue  all  of  the  samples  collected  near  the 
north  shore  contained  less  than  50  organisms  per  cubic  centi- 
meter, while  in  the  broads  the  numbers  ranged  from  50  up 
to  more  than  100  per  cubic  centimeter.  A  longitudinal  series 
of  samples  from  east  to  west  was  collected  on  December  21, 
while  on  December  16  two  cross-sections  were  made,  one  from 
Nicoirs  point  to  the  Point  of  Woods,  and  the  other  from  Blue 
Point  to  the  Blue  Point  life  saving  station.  These  two  cross- 
sections  showed  larger  numbers  in  the  central  portion  than 
near  the  Long  Island  shore  or  the  Fire  Island  shore.  From 
east  to  west  the  numbers  of  organisms  differed  but  very 
slightly  from  Bayshore  to  Patchogue. 

On  December  19  a  series  of  samples  was  collected  at  dif- 
ferent hours  at  Station  J.  In  these  samples  the  numbers  of 
diatoms  were  about  the  same  as  were  observed  on  December 
16,  but  in  addition  to  the  diatoms  the  water  contained  large 
numbers  of  Conferva. 

On  December  18  a  series  of  samples  was  collected  at  Sta- 
tion I  at  different  hours.  These  samples  gave  microscopical 
results  slightly  lower  than  were  obtained  at  Station  J. 

The  numbers  of  microscopic  organisms  at  the  east  end 
of  the  Great  South  bay;  that  is,  in  Bellport  bay,  were  found 
to  be,  on  the  whole,  slightly  lower  than  in  the  central  portion. 
This  is   shown  by  the   samples  taken   at   Station    K-19,  21, 

23  and  24,  in  which  the  microscopic  organisms  varied  from 

24  to  56  per  cubic  centimeter,  while  the  corresponding  figures 
for  the  stations  in  the  central  portions  of  the  bay  varied  from 
4  to  120  per  cubic  centimeter. 

On  December  13  a  series  of  samples  was  collected  at  Sta- 
tion G  at  different  hours,  which  contained  from  18  to  36  or- 
ganisms per  cubic  centimeter.  On  December  17  a  series  of 
samples  was  collected  at  Station  II  in  which  the  organisms 
varied  from  24  to  52  per  cubic  centimeter. 

At  the  most  easterly  stations  in  Bellport  bay, — that  is,  near 
the  mouth  of  Carman's  river,  the  water  contained  rather 
more  organisms  than  in  the  waters  of  Bellport  bay.  Some 
of  these,  however,  were  different  in  character  from  the  other 
organisms  and  resembled  those  species  found  in  fresh  water, — 
as.  for  instance,.  Tabellaria. 
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The  following  table  shows  the  principal  genera  that  were 
observed  in  the  waters  of  the  Great  South  bay  during  the 
investigation  of  1907,  and  also  the  largest  number  of  each 
kind  found  in  any  one  sample: 


Maximum  number 
of  organisms  per 
cubic  centimeter 


Diatoms 

Amphiprora    

Amphora    

Biddulphia    

Cocconeis  

Coscinodiscus   

Cyclotella    

Cymbella 

Diatoma    

Eunotia    

Fragillaria   

Isthmia   

Melosira    

Meridion    

Navicula   

Nitzschia   

Odontidium   

Pleurosigma    

Surirella    

Synedra 

Tabellaria    

Other  Organisms  Found 

Arcella    

Ciliata    

Conferva    

Difflugia    '. 

Glenodinium 

Oscillaria 

Pine  Pollen   

Peridinium    

Sponge  spicule 


5 

2 
22 

5 

8 
56 
15 
10 
32 
32 

1 
32 

2 
32 

6 
15 
48 
12 
118 
32 

4 

16 

320 

10 

4 

2 

8 

2 
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The  distribution  of  the  microscopic  organisms  is  shown 
graphically  on  a  map  of  the  bay,  Sheet  128,  Ace.  5536. 

The  water  entering  the  bay  at  Fire  Island  inlet  contained, 
in  round  numbers,  from  25  to  50  diatoms  per  cubic  centi- 
meter. 

The  water  in  the  Great  South  bay  west  of  the  Fire  Island 
inlet  contained  from  50  to  150  diatoms  per  cubic  centimeter. 

The  water  in  the  middle  portion  of  the  Great  South  bay 
contained  from  50  to  150  diatoms  per  cubic  centimeter,  except 
near  the  shores,  where  the  numbers  fell  below  50. 

In  Bellport  bay  the  diatoms  were  slightly  less  abundant  than 
in  the  central  portion  of  the  Great  South  bay. 

The  organisms  entering  the  Fire  Island  inlet  and  those 
found  in  the  Great  South  bay  west  of  the  inlet  comprise  many 
genera  which  are  distinctly  of  a  marine  type.  The  organisms 
found  in  Bellport  bay  at  the  mouth  of  Carman's  river  are 
more  nearly  like  those  found  in  fresh  water.  The  organisms 
found  in  the  central  portion  of  the  Great  South  bay,  where 
oysters  are  chiefly  grown,  comprise  genera  of  both  groups. 
The  differences  between  fresh-water  genera  and  marine 
genera  are  somewhat  vague,  but  generally  speaking,  most  of 
the  organisms  found  growing  in  Great  South  bay  may  be 
classed  as  brackish  water  growths.  Some  of  the  forms  foimd 
doubtless  have  the  power  of  growing  in  fresh  water,  but,  as 
a  matter  of  observation,  they  are  not  found  in  any 'quantity 
in  the  streams  entering  the  bay.  Without  doubt  some  of  the 
organisms  found  in  the  oysters  enter  the  bay  with  the  river- 
water,  while  many  others  enter  the  bay  from  the  ocean;  but 
in  all  probability  most  of  the  organisms  that  form  the  food 
of  the  oysters  represent  growths  that  have  taken  place  in 
the  brackish  water  of  the  bay  itself. 

The  analyses  of  the  water  samples  that  have  been  made 
indicate  that  the  water  of  the  Great  South  bay  is  a  fertile 
feeding  ground  for  oysters,  the  numbers  of  diatoms  being  gen- 
erally higher  than  the  figures  set  by  oyster  experts  as  indica- 
tive of  a  satisfactory  amount  of  food  supply.  Several  fac- 
tors probably  contribute  to  this  condition.  The  bay  is  land- 
locked and  is  comparatively  shallow,  hence,  the  temperature 
conditions  are  likely  to  be  favorable,  the  water  inside  the  bar 
being  warmer  than  that  outside  during  the  summer  season. 
The  presence  of  large  areas  of  shallow  water  offers  excellent 
opportunity  for  such  diatoms  as  tend  to  grow  on  the  bottom. 
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while  the  deeper  and  clearer  waters  give  opportunities  for 
the  growth  of  pelagic  forms.  Without  doubt  the  presence  of 
a  considerable  percentage  of  fresh  water  in  the  bay  tends 
somewhat  to  stimulate  the  growth  of  these  organisms.  It  is  a 
fact  well  known  among  water-works  engineers  that  if  ground- 
waters are  stored  in  reservoirs  exposed  to  the  sunlight,  heavy 
growths  of  diatoms  will  occur.  There  seems  to  be  no  reason 
W'hy  this  may  not  be  the  case  in  the  Great  South  bay  and 
that  the  ground-water  entering  the  bay  at  the  bottom  in  the 
form  of  springs  may  tend  to  stimulate  growths  of  these 
organisms.  There  are  no  exact  data,  however,  to  show 
whether  this  actually  occurs.  The  analogy  of  the  growth  of 
diatoms  in  bodies  of  fresh  water  must  not,  however,  be  car- 
ried too  far,  for  it  has  been  found  that  the  principal  species 
of  diatoms  observed  in  the  bay  are  not  fresh-water  forms, 
but  those  that  thrive  best  on  brackish  waters,  while,  further- 
more, the  laboratory  experiments  have  shown  that  in  a  series 
of  water  of  varying  chlorine  contents,  seeded  with  the  same 
organisms,  the  most  intense  growths  did  not  occur  in  those 
containing  the  largest  proportion  of  fresh  water,  but  in  those 
which  contained  rather  more  salt  water  than  fresh  water. 
In  other  words,  experiments  show,  as  one  might  naturally 
expect,  that  the  diatoms  characteristic  of  brackish  waters 
grew  best  in  waters  of  a  mean  salinity. 

Microscopic  Organisms.    Observations  in  1908 

The  results  of  the  microscopical  analyses  made  during  the 
season  of  1908  have  been  tabulated  and  a  summary  of  the 
results  shown  in  a  series  of  diagrams.  The  results  were  re- 
ported not  in  terms  of  standard  units  but  in  **  numbers  of 
organisms  per  cubic  centimeter."  By  far  the  largest  pro- 
portion of  the  microscopic  organisms  found  in  the  water  were 
diatoms,  but  there  were  a  few  green  algae,  protozoa  and  minute 
crustaceae.  The  diatoms  claimed  principal  attention  as  they 
form  the  bulk  of  the  food  supply  of  oysters. 

Distribution  of  Diatoms 

The  analyses  have  been  studied  in  various  ways  in  order 
to  determine,  if  possible,  some  of  the  factors  that  influence 
the  distribution  of  the  diatoms  in  the  bay.  The  results  of 
these  studies  are  given  in  a  series  of  six  diagrams.  Sheets 
129  to  134  inclusive,  Aces.  8591  to  8596  inclusive,  these  dia- 
grams being  based  on  the  data  given  in  the  tables. 
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Sheet  129,  Ace.  8593,  shows  the  average  number  of  dia- 
toms in  certain  selected  areas  in  different  parts  of  the  bay, 
arranged  by  months.  The  average  numbers  of  diatoms  present 
in  these  areas  during  the  entire  period  of  investigation  were 
as  follows: 


Area 

Number  of 

Diatoms  per  Cubic 

Centimeter 

Location 

1 

2 

3.... 
4.... 
5 

68 
76 
62 
108 
44 

South  of  Conklin's  point 

North  of  Fire  Island  light 

South  of  Islip 

North  of  Old  Fire  island 

South  of  Nicoll's  point 

South  of  Greene's  point 

North  of  Lone  Hill  life-saving  station 

North  of  Blue  Point  life-saving  station 

South  of  Blue  Point 

South  of  Patchogue  creek 

South  of  Howell's  point 

West  of  Smith's  point 

6.  .  .  . 
7 

O  .   •   •   • 
«7  •    •    •    • 

10.... 
11.... 
12.... 

89 
85 
88 
47 
63 
62 
70 

It  will  be  seen  from  these  figures  that  there  is  no  great 
degree  of  regularity  in  the  distribution  of  the  diatoms  in  dif- 
ferent parts  of  the  bay.  Their  occurrence  appears  to  be  gov- 
erned by  other  things  than  location  in  the  bay. 

Sheet  130,  Ace.  8591,  shows  the  chronological  distribution 
of  the  diatoms  in  these  twelve  areas,  from  the  latter  part  of 
July  until  the  end  of  November.  During  this  period  there  was 
a  gradual  increase  in  the  number  of  diatoms  present  in  the 
areas  in  the  central  part  of  the  bay.  This  increase  was  not 
as  marked  in  the  areas  in  the  easterly  end  and  westerly  end. 
During  the  period  the  numbers  fluctuated  widely  on  different 
days. 

The  number  of  diatoms  found  in  the  areas  w^here  the  water 
was  shallow  appeared  to  be  somewhat  greater  than  in  the  areas 
of  deep  water;  thus,  comparing  Area  4  in  the  shallow  water 
north  of  Old  Fire  island  with  Area  3  just  north  of  it,  where 
the  water  was  deeper,  it'  is  seen  that  the  diatoms  over  the 
flats  were  much  more  numerous  than  in  the  deeper  water. 
This  is  also  found  to  be  true  if  Area  8,  north  of  the  Blue 
Point  life-saving  station,  is  compared  with  Areas  9  and  10, 
located  in  the  deep  water  of  Patchogue  bay.  In  order  to 
determine  this  point  more  definitely  a  special  study  was  made 
to  find  the  difference  between  the  organisms  present  in  the 
samples  collected  where  the  water  was  less  than  six  feet  deep 
with  those  parts  of  the  bay  where  the  depth  was  greater  than 
six  feet.    The  results  of  this  study  are  shown  on  Sheet  132, 
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Ace.  8594.  It  was  found  that  the  average  number  of  diatoms 
per  cubic  centimeter  in  95  samples  collected  in  the  shallow 
water  was  70.3,  while  the  average  number  found  in  118  sam- 
ples collected  in  deeper  water  was  only  44  per  cubic  centi- 
meter. This  difference  between  the  deep  and  shallow  water 
seemed  to  be  a  constant  one.  In  November,  however,  the  dif- 
ference was  less  marked  than  in  the  preceding  months. 

It  would  be  natural  to  expect  diatoms  to  grow  more  rap- 
idly on  the  bottom  of  the  bay  in  shallow  water  than  in  deep 
water,  on  account  of  receiving  a  greater  amount  of  light,  but 
it  seems  to  be  a  fact  that  the  occurrence  of  the  diatoms  in 
the  water  over  the  shallow  areas  is  also  influenced  by  the 
wind. 

In  order  to  show  this  relation  between  the  occurrence  of 
diatoms  and  the  intensity  of  the  wind,  Sheet  134,  Ace.  8592, 
has  been  prepared.  In  this  diagram  the  results  obtained  on 
those  days  when  there  was  a  light  breeze  have  been  separated 
from  those  on  which  there  was  a  strong  wind,  comparison 
being  made  both  for  deep  water  and  shallow  water.  It  will 
be  seen  from  this  diagram  that  the  smallest  numbers  of  dia- 
toms occurred  in  deep  water  when  there  was  a  light  wind, 
and  that  the  largest  numbers  occurred  in  shallow  water  when 
there  was  a  strong  wind.    Thus : 


Number  of        Number  of 
Determinations      Diatoms 


Deep  water Light  wind . 

Deep  water Strong  wind 

Shallow  water Light  wind . 

Shallow  water Strong  wind , 


31 

33 

29 

62 

24 

67 

33 

87 

The  effect  of  the  wind  is  best  illustrated  during  the  month 
of  September  when  the  differences  in  the  wind  were  quite 
marked.  During  this  month  the  numbers  of  diatoms  observed 
on  days  when  the  wind  was  light  varied  on  an  average  from 
about  38  to  about  68,  while  on  days  when  the  wind  was  strong 
the  numbers  varied  on  an  average  from  240  to  265  per  cubic 
centimeter. 

If  the  diatoms  are  considered  as  a  class  there  seems  to 
be  comparatively  little  difference  between  the  numbers  ob- 
served and  the  amount  of  chlorine  in  the  water.  This  is 
shown  on  Sheet  131,  Ace.  8595.  If,  however,  individual 
species  are  considered,  the  influence  of  the  chlorine  is  often 
marked.     Certain  diatoms  appear  to  grow  best  in  compara- 
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tively  salt  water.  Other  diatoms  appear  to  grow  best  in 
waters  that  are  nearly  fresh,  while  still  others  multiply  most 
rapidly  in  waters  that  are  brackish. 

Sheet  133,  Ace.  8596,  shows  the  relation  between  the 
amount  of  chlorine  and  certain  species  of  diatoms.  Biddul- 
phia  is  essentially  a  salt-water  form.  Nitzschia,  on  the  other 
hand,  appears  to  grow  best  in  waters  where  the  chlorine  is 
comparatively  low,  although  it  is  found  in  all  parts  of  the 
bay  and  usually  in  quite  large  numbers.  Navicula  also  ap- 
pears to  be  favored  by  water  not  too  heavily  charged  with 
salt.  Cyclotella  is  one  of  the  forms  that  grows  best  in  waters 
of  moderate  salinity.  Although  this  organism  is  found  in  all 
parts  of  the  bay  it  appears  to  be  present  in  greatest  numbers 
in  the  middle  of  the  bay,  the  maximum  being  observed  in 
water  having  a  salinity  of  11,000  parts  per  million  of  chlorine. 
This  is  an  important  fact,  as  the  Cyclotella  is  one  of  the  most 
important  food  diatoms  of  the  oyster.  Such  organisms  as 
Nitzschia,  which  are  long  and  slender,  are  not  as  frequently 
found  in  the  stomachs  of  the  oysters  as  the  circular  forms  of 
Cyclotella  and  Coscinodiscus.  The  oyster  appears  to  exert 
a  selective  action,  to  some  extent  at  least,  in  the  choice  of 
its  food. 

It  appears  from  the  studies  that  have  been  made  that  the 
great  source  of  the  oysters'  food  supply  in  Great  South  bay 
is  to  be  found  in  the  large  areas  of  shallow  water.  The  oys- 
ters themselves  are  located  in  the  deeper  waters.  The  effect 
of  the  wind  in  stirring  up  the  water  over  the  flats  thus  tends 
to  increase  the  supply  of  diatom  food  and  thereby  tends  to 
make  the  conditions  of  oyster  growth  more  favorable.  There 
is  no  reason  to  believe  that  the  growth  of  diatoms  over  the 
flats  would  be  very  materially  altered  by  changes  in  the  salin- 
ity of  the  water,  although  this  might  be  true  to  some  extent. 
So  far  as  food  supply  is  concerned,  therefore,  there  is  little 
reason  to  believe  that  the  diversion  of  fresh  water  from  the 
bay  for  the  supply  of  Brooklyn  would  influence  the  food  sup- 
ply of  the  oysters  to  any  material  extent. 

Laboratory  Experiments  on  the  Growth  of  Diatoms 

In  order  to  determine  whether  or  not  the  salinity  of  water 
affected  the  growth  of  diatoms,  some  laboratory  experiments 
were  begun  on  December  19,  1907.  A  sample  of  water  from 
Fire  Island  inlet  was  collected  and  diluted  with  distilled  water 
so  as  to  get  a  series  of  water  in  which  the  chlorine  varied  from 
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about  4000  to  16,000  parts  per  million.  Samples  of  the  Great 
South  Bay  water  were  also  collected  from  a  point  south  of 
Nicoll's  point  from  Bellport  bay  and  from  the  Connetquot 
River  inlet,  in  which  the  chlorine  ranged  from  about  2,000  to 
about  12,000  parts  per  million. 

Two  litres  of  these  various  samples  were  carefully  filtered 
through  sand  in  order  to  remove  any  microscopic  organisms 
present.  Portions  were  then  put  in  battery  jars  and  placed 
in  the  window  of  the  laboratory,  each  jar  being  seeded  with 
diatoms,  filtered  from  the  Great  South  Bay  water,  in  such  a 
way  that  each  sample  contained  about  100  diatoms  per  cubic 
centimeter,  made  up  of  presumably  the  same  genera  in  each 
case. 

After  an  exposure  of  three  weeks,  and  again  after  four 
weeks,  and  six  weeks,  portions  of  water  were  withdrawn  from 
each  jar  and  examined  microscopically.  The  results  of  these 
examinations  were  as  follows: 


Fire 

Island 

Inlet 

Diluted 

WITH 


Fire 

Island 

Inlet 

Diluted 

WITH 


Fire 
Island 
Inlet 


Distilled  Distilled 
Water        Water 
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Island 

Inlet 
Diluted 
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Distilled 
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CON- 

nect- 
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Inlet 
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port 
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Great 

South 
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OF 
NiCOLLS 

Point 


Number  of  Sample 


Synedra 

Navicula 

Nitzschia 

Pleurosigma 

Ciliata 

Mclosira 

Cyclotella 

Conferva 

Scenedesmus 

Synedra  Pulchella. 

Total 


1 


2 


3 


jars    examined    ON    JANUARY   9,    1908 

4        2       88  24 

8       ...      ...  4 

4       ...      ...      

4      ...      

12      ...      

8  4 

84  60 

8     


6 
12 

'4 


12     484* 
4       4 


16 


20 


188 


98 


SO 


12 


88 


8 


600 


jars    examined    on    JANUARY    21.    1908 


Synedra 

Navicula.  .  .  . 
Cyclolella .  .  . 
DiffluKia.  .  .  . 
Scenedesmus 
Tabellaria .  .  . 
Pleurosigma . 


180 


24 

4 


Total 


Synedra. 
Melosira. 
Navicula 
Ciliata .  . 


180 


88 


42 

is 

4 


64 


12,000 


75 
10 


18,080 


JARS    examined    on    FEBRUARY    5.    1908 

600  240  800  13,000 

20  

12  CyclotellaS 

80  


5 

54 
0 

1.200 

io 

•  • 

•  •  •  ■ 

*  •  ■  ■ 

0 

69 

1,800 

52 

52 

1.200 

"4 

•  ■ 

•  ■  •  • 

Total 


600 


840 


918 


18,008 


56 


88        1,800 


♦Flat  bands 


The  following  summarized  figures  show  the  relation  be- 
tween the  growths  of  diatoms  and  the  amount  of  chlorine  in 
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the  water.  It  is  very  noticeable  that  the  largest  growths  of 
diatoms  occur  in  the  two  samples  that  contain  approximately 
12,000  parts  of  chlorine  per  million.  Whether  these  results 
are  accidental,  or  whether  they  actually  show  a  definite  rela- 
tion between  the  chlorine  contents  and  the  diatom  growths, 
cannot  be  determined,  perhaps,  from  a  single  experiment  like 
this,  but  it  is  worthy  of  note  that  the  largest  numbers  of 
microscopic  diatoms  are  found  near  the  center  of  the  bay 
where  the  average  chlorine  is  not  far  from  that  which  gave 
the  maximum  growths  of  diatoms  in  the  jars. 

SUMMARY— MICROSCOPIC  ORGANISMS  PER  CUBIC  CENTIMETER 

After        After         After 
Chlor-     Three         Four  Six 

iNE        Weeks       Weeks        Weeks 

Fire  Island  Inlet  water 16.215  188  64  912 

Fire  Island  Inlet  water  diluted  with  distilled 

water 12.080  92  12,085  12.008 

Fire  Island  Inlet  water  diluted  with  distilled 

water 8.140  16  180  600 

Fire  Island  Inlet  water  diluted  with  distilled 

water 3.905  20  28  240 

Great  South  Bay  \vater  south  of   Nicoll's 

point 11.980  500  1.200  1,200 

Bellport  bay 7.495  28  69  52 

Connetquot  River  inlet 1,850  20  5  56 


Chemical  Condition  of  the  Water 

On  December  9  to  11,  1907,  samples  of  water  collected  at 
various  points  in  the  Great  South  bay  gave  the  following 
figures : 


Parts  per  Million 


Date  Locality  Albuminoid         Free 

Ammonia      Ammonia 


December    9 Fire  Island  inlet .122  .0.30 

11 Opposite  Nicolls  point .168  .074 

11 Opposite  Blue  Point 216  .146 

11 In  Bellport  bay 140  .170 

11 Mouth  of  Connetquot  river .108  .116 


On  November  19  a  series  of  samples  was  collected  from 
Babylon  and  Patchogue  which  gave  the   following  analyses: 


Parts  per  Million 


Station  Locality 


90  Opposite  Babylon  .  .  .  . 

92  Opposite  Bayshore.  .  .  . 

94  West  of  Nicoll's  point. 

96  Opposite  Oakdale 

98  Opposite  Blue  Point .  . 

99  Patchogue  bay 


Album'noii 

Fre? 

Ammonia 

A 

mmfj'iia 

.120 

.120 

.181 

.116 

.190 

.\:\H 

.256 

.218 

.244 

.164 

.220 

.146 
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These  results  show  that  the  water  at  the  east  end  of  the 
bay  contains  considerably  more  organic  matter  than  the  water 
at  the  Fire  Island  inlet,  and  also  that  the  amount  of  decompo- 
sition going  on  there  is  greater. 

The  figures  just  quoted  are  somewhat  lower  than  those 
obtained  by  Prof.  Bashford  Dean  at  Patchogue  in  the  vicinity 
of  the  Blue  Point  oyster-beds  during  the  summer  of  1885. 

Physical  Condition  of  the  Water  of  Great  South  Bay 

Many  determinations  of  the  turbidity,  color  and  odor  of 
samples  of  water  collected  from  the  Great  South  bay  were 
made  during  November  and  December,  1907.  The  results 
have  been  tabulated  and  plotted  on  a  map  of  the  bay,  Sheet 
135,  Ace.  5537. 

The  sea- water  entering  the  bay  at  the  Fire  Island  inlet 
is  comparatively  clear,  but  in  the  eastern  part  of  the  bay  the 
water  is  more  turbid.  The  color  of  the  bay  water  is,  as  a 
rule,  quite  low,  but  in  certain  places  near  the  Long  Island 
shore  the  color  is  higher.  As  a  rule  the  water  has  very  little 
odor,  but  occasionally  samples  were  taken  that  had  traces  of 
fishy  odors  and  odors  suggestive  of  oysters.  ^Most  of  these 
samples  were  taken  from  the  oyster-beds. 

Quality  of  the  Water  in  the  Inflowing  Streams 

Observations  of  1907 

The  quality  of  the  stirface-water  flowing  into  the  Great 
South  bay  is  shown  by  the  analyses  in  Table  39.  The  samples 
included  in  this  table  were  collected  on  January  7,  1908,  from 
15  of  the  largest  streams  that  flow  into  the  bay. 

The  w-ater  in  these  streams  varied  considerably  in  charac- 
ter. Some  of  them  were  considerably  polkited;  others  only 
slightly  polluted,  (iencrally  speaking,  the  amounts  of  organic 
and  mineral  matter  carried  by  them  arc  comparatively  small 
and  considerably  less  than  the  amount  of  organic  matter  that 
was  found  in  the  water  of  the  bav  itself. 

The  numbers  of  microscopic  organisms  in  the  samples 
were  also  small.  The  most  prominent  organism  was  An- 
thophysa.    There  were  few  diatoms  in  any  of  the  samples. 

These  streams  probably  do  not  diflfer  materially  in  their 
microscopic  organisms  from  the  streams  of  the  present  water- 
supply  of  Brooklyn.  The  following  figures  based  on  the 
analyses  of   weekly   samples   show   the   average   numbers   of 
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organisms  in  the  ponds  of  the  Brooklyn  system  during  the 
years  1897  to  1902 : 


Average  number  of 

microscopic  organisms 

per  cubic  centimeter 


Massapequa  pond   47 

Wantagh  pond 42 

Newbridge  pond   21 

East  Meadows  pond '.  33 

Millburn  pond   28 


These  figures  are  not  large.  Moreover,  they  represent 
growths  in  the  reservoirs  rather  than  the  organisms  in  the 
water  of  the  streams  themselves. 

The  best  available  data  indicate  that  the  organisms  in  the 
streams  furnish  only  an  insignificant  quantity  of  food  supply  of 
the  oyster. 

Analyses  of  several  of  the  ground- waters  in  Suffolk  county 
show  that  in  them,  also,  the  amounts  of  organic  mineral  mat- 
ter are  comparatively  small.  These  analyses  were  given  in  full 
in  my  report  to  the  Commission  of  Additional  Water  Supply 
of  New  York  City  in  1903. 

During  the  next  10  or  20  years  it  may  .be  reasonably 
expected  that  the  mineral  and  organic  contents  of  both  the 
ground-water  and  surface-water  entering  the  Great  South 
bay  will  be  increased  for  the  reason  that  the  population  on 
the  watershed  is  constantly  becoming  larger.  The  extension 
of  the  residential  districts  into  Nassau  county  will  more  and 
more  force  the  farming  interests  eastward,  and  the  increase 
of  farming  in  Suffolk  county  and  the  use  of  larger  amounts  of 
fertilizers  will  materially  increase  the  amount  of  food  mate- 
rial for  the  microscopic  organisms  that  will  be  carried  into 
the  bay.  This  natural  increase  in  food  material  will  more 
than  offset  any  loss  by  the  diversion  of  ground-water.  Furth- 
ermore, some  of  the  towns  on  the  watershed  already  need 
sewerage  systems,  and  it  may  be  expected  that  in  the  near 
future  such  systems  will  be  built  at  several  places.  In  order 
to  properly  safeguard  the  oyster  industry  in  the  bay  it  will 
be  prudent  to  purify  the  sewage  of  such  communities  before 
it  is  allowed  to  be  discharged,  but  even  after  purification  the 
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residual  amounts  of  organic  matter  added  to  the  waters  of 
the  bay  will  tend  to  stimulate  the  growth  of  diatoms.  Con- 
sidering the  fact  that  the  diatom  crop  in  the  bay  is  now  ample 
for  the  needs  of  the  oysters,  and  considering  the  natural  in- 
crease that  may  be  expected  in  the  amount  of  food  material 
turned  into  the  bay  in  the  near  future  by  reason  of  increased 
population  on  the  watershed,  there  is  no  reason  to  fear  that 
the  slight  deduction  of  food  material  entering  the  bay  in  the 
form  of  springs  will  be  of  any  practical  significance  to  the 
oyster  industry.  The  effect  of  the  increasing  population  on 
the  sanitary  conditions  is  of  far  greater  importance. 

Quality  of  the  Water  in  the  Inflowing  Streams 

Observations  of  1908 

On  September  3,  1908,  a  trip  was  made  by  automobile 
from  Amityville  to  Bellport,  and  samples  of  water  collected 
from  all  of  the  important  streams  flowing  into  the  Great  South 
bay.  The  results  of  the  analyses  of  these  samples  are  shown 
in  Table  40.  Other  samples  were  also  collected  from  some 
of  the  inlets  as,  for  instance,  at  Bayshore,  Islip,  Sayville  and 
Patchogue  (see  Table  41). 

The  bacteriological  analyses  bear  out  the  investigation  that 
was  made  in  1907  and  show  that  many  of  these  streams  are 
more  or  less  polluted  with  fecal  matter.  Some  of  the  sam- 
ples showed  the  presence  of  I>.  coli  in  quantities  of  water  as 
small  as  0.1  cubic  centimeter.  The  samples  from  the  inlets, 
in  particular,  showed  contamination,  the  numbers  of  bacteria 
being  high  and  the  tests  for  B.  coli  indicating  the  presence  of 
this  intestinal  germ  in  comparatively  large  numbers. 

The  practice  of  floating  oysters  in  the  inlets  is  still  con- 
tinued. On  the  day  of  the  inspection  men  were  seen  taking 
oysters  from  two  floats  in  the  inlet  at  Bayshore,  while  on 
the  same  day  samples  of  water  collected  from  this  inlet  showed 
it  to  be  contaminated. 

The  samples  of  water  collected  from  the  various  streams 
were  also  tested  for  hardness  and  alkalinity  and  for  the  most 
part  the  water  was  found  to  be  extremely  soft.  In  a  few 
cases  the  analyses  showed  the  alkalinity  as  higher  than  the 
hardness,  but  these  figures  are  probably  in  error,  the  excess 
being  due  to  alkalinity  derived  from  the  bottles  used  in  the 
collection  of  the  samples.  There  seems  to  be  no  doubt,  how- 
ever, that  the  alkalinitv  and  hardness  are  verv  much  the  same. 
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These  figures  agree  substantially  with  others  recently  reported 
and  differ  from  some  of  the  published  figures  in  the  report 
of  the  Commission  on  Additional  Water  Supply,  which  figures 
apparently  were  in  error  so  far  as  the  amount  of  permanent 
hardness  is  concerned.  In  a  few  cases,  as,  for  instance,  the 
stream  entering  east  inlet  at  Bayshore,  there  may  have  been 
some  admixture  of  sea-water,  accounting  for  the  high  chlorine 
and  for  the  incrustants,  but  this  sample  was  considerably  pol- 
luted and  part  of  the  increase  was  proflbably  due  to  the  pollu- 
tion. The  high  chlorine  in  the  stream  at  West  Sayville  and 
at  Patchogue  w^ere  probably  also  due  to  the  effect  of  pollution. 
The  chlorine  in  the  Sw^an  river  at  the  South  Country  road 
probably  was  due  to  an  admixture  of  sea-water.  None  of 
the  waters  of  the  various  inlets  can  be  considered  as  grossly 
polluted,  but  some  of  them  as,  for  instance,  at  Bayshore,  Islip 
and  Patchogue,  are  so  subject  to  contamination  that  oysters 
ought  not  to  be  floated  in  these  waters.  The  basin  at  the 
mouth  of  the  creek  at  Sayville  appears  to  be  fairly  satisfac- 
tory from  the  sanitary  standpoint,  and  much  better  than  the 
waters  of  the  inlets. 

Quality  of  the  Oysters  in  the  Great  South  Bay 

Many  samples  of  oysters  from  different  parts  of  the  Great 
South  bay  were  examined.  In  general  it  may  be  said  that 
the  sanitary  condition  of  these  oysters  was  satisfactory.  Many 
samples  were  tested  for  B.  coli,  but  the  results  were,  for  the 
most  part,  negative. 

Examinations  were  made  of  the  contents  of  the  stomach 
and  intestines  of  the  oysters  collected.  It  was  found  that  the 
diatoms  in  the  stomach  corresponded  in  kind  to  those  found  in 
the  water,  but  the  quantitative  analyses  did  not  yield  results 
from  which  any  important  conclusions  could  be  drawn.  These 
data  are  therefore  omitted  from  this  abridged  report. 

Natural  Advantages  of  the  Great  South  Bay  as  an 

Oyster  Ground 

The  Great  South  bay  is  a  favorable  place  for  growing 
oysters  for  the  following  reasons : 

(1)  The  specific  gravity  of  the  water  is  favorable  over  a 
considerable  portion  of  the  area. 

(2)  The  depth  is  favorable  both  for  oyster  growth  and 
for  convenience  of  cultivation  and  harvestintj. 
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(3)  The  bottom  in  the  main  channel  is  generally  clean  and 
hard. 

(4)  The  food  supply  is  ample.  This  may  be  considered 
as  being  due  partly  to  the  inflow  of  fresh  water,  partly  to  the 
comparative  shallow  depth  of  the  ba^  which  tends  to  increase 
the  temperature  of  the. water  during  the  summer  season,  and 
thereby  favor  diatom  growth,  partly  to  the  existence  of  large 
areas  of  mud  flats  suitable  for  diatom  development,  and  partly 
to  the  land-locked  character  of  the  bay  which  tends  to  pre- 
vent a  rapid  interchange  of  water,  thus  holding  in  the  bay  a 
large  percentage  of  the  diatoms  that  grow  there. 

(5)  The  currents  in  the  main  channels  where  the  oyster 
beds  are  located  are  ample  to  supply  the  oysters  with  food,  to 
prevent  fouling  of  the  water  at  the  bottom  by  silting,  and  to 
prevent  stagnation. 

(6)  The  bay  is  comparatively  free  from  the  depredations 
of  starfish  and  other  enemies  that  are  essentially  of  a  salt- 
water character. 

(7)  The  bay  is  comparatively   free   from  contamination. 

(8)  The  location  of  the  area  is  favorable  with  respect  to 
the  New  York  market. 

Natural  Changes  that  AIay  Take  Place  in  the  Bay 

It  has  already  been  remarked  that  the  sand-bars  that  en- 
close the  beds  on  the  south  shore  of  Long  Island  are  not 
permanent.  It  is  not  at  all  impossible  that  breaks  caused  by 
natural  agencies  through  the  bar  may  occur  at  one  or  more 
points  some  time  in  the  future.  The  present  conditions  are 
by  no  means  assured  of  permanency.  Already  within  the  last 
few  years  considerable  changes  have  taken  place  at  Fire  Island 
inlet.  Should  a  break  occur  in  the  sand4)ar  in  the  vicinity 
of  Blue  Point  or  at  some  other  point  east  of  that,  there  would 
be  a  marked  increase  in  the  salinity  of  the  water  at  the  east 
end.  This  would  have  a  generally  favorable  effect  upon  the 
oyster  culture  in  that  section.  Prof.  Bashford  Dean,  in  his 
report  to  the  New  York  Commission  of  Fisheries  in  1886, 
apparently  appreciated  the  advantage  that  would  accrue  if  the 
water  in  this  section  of  the  bay  were  more  saline,  for  he  states 
that  "  the  saltness  of  the  water  must,  however,  be  taken  into 
consideration.  It  would  seem  that  the  enormous  facilities  for 
oyster  feeding  are  in  some  way  counter-balanced  by  the  de- 
ficiency in  the  saltness  of  the  water  and  it  can  hardly  be  ques- 
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tioned  that  with  a  slightly  increased  saltness  of  the  water,  with 
a  specific  gravity  of  1.016  instead  of  1.012,  the  remarkable 
fresh-water  resources  of  the  bay  would  make  it  the  most  effi- 
cient of  our  state  oyster  grounds." 

It  is  said  that  the  general  tidal  level  of  the  sea-water  in 
the  vicinity  of  New  York  is  rising  with  respect  to  the  land  at 
the  rate  of  something  less  than  one  foot  in  a  century.  If  this 
is  true  it  may  be  expected  that  there  will  be  a  natural  in- 
crease of  the  saltness  of  the  water  in  the  bay  as  time  goes 
on.  This  may  not  be  an  important  matter,  but  certainly  the 
tendency  would  be  in  that  direction.  In  Bash  ford  Dean's  re- 
port there  is  given  a  table  of  specific  gravities  of  the  water 
over  the  oyster-beds  in  the  vicinity  of  Blue  Point  near 
Patchogue.  Weekly  observations  were  made  from  July  20 
to  September  16  which  showed  that  the  specific  gravity  at 
that  time  averaged  about  1.011.  Variations,  however,  were 
noted  from  1.009  to  1.014.  According  to  the  recent  determi- 
nations the  specific  gravity  of  the  water  in  the  same  section 
has  been  very  slightly  higher  than  it  was  in  1886. 

Natural  changes  may  take  place  also  in  the  amount  of  fresh 
water  entering  the  bay.  These  changes  will  depend  upon  the 
rainfall.  Periods  of  drought  may  be  succeeded  by  periods  of 
heavy  rainfall  and  these  changes  must  inevitably  cause  mate- 
rial difference  in  the  salinity  of  the  water  of  the  bay. 

Winds  and  storms  are  also  likely  to  cause  alterations  on 
the  deposits  over  the  bottom  of  the  bay,  changes  in  currents 
mav  cause  relocations  of  sand-bars,  whole  channels  mav  be- 
come  filled  up  and  new  channels  may  be  opened,  sandy  areas 
now  used  for  oyster  cultures  may  become  foul  with  mud, 
while  other  areas  may  be  scoured. 

These  and  many  other  changes  are  bound  to  influence  the 
growth  of  oysters  in  the  bay.  Many  of  them  are  of  such  an 
uncertain  character  that  they  cannot  be  reckoned  with.  These 
natural  changes  will  doubtless  damage  some  beds  and  benefit 
others. 

MORICHES  BAY 

Oysters  are  not  commercially  grown  in  Moriches  bay  as 
the  water  there  is  too  fresh.  On  December  7,  1907,  three 
samples  of  water  were  collected  at  various  points  in  the  west- 
ern half  of  the  bay,  but  were  found  to  contain  chlorine  to 
the  extent  of  only  5250  to  5800  parts  per  million.    The  water 
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at  this  point  is,  therefore,  made  up  of  about  two-thirds  fresh 
water  and  one-third  sea- water.  Moriches  bay  is  not  used  for 
oyster  culture  on  account  of  its  lack  of  salinity,  but  it  is  said 
that  projects  have  been  considered  for  cutting  an  opening 
through  Fire  island  in  order  to  admit  salt  water  and  thus 
make  it  possible  to  use  this  bay  for  oyster  culture.  It  is  un- 
likely, however,  that  this  would  be  a  profitable  undertaking 
on  account  of  the  shallowness  of  the  water  over  the  greater 
part  of  the  bay.     (Sheet  136,  Ace.  X  4909). 

SHIXXECOCK  BAY 

Until  within  a  comparatively  recent  period  the  waters  of 
Shinnecock  bay  were  too  fresh  for  growing  oysters  com- 
mercially, but  since  the  construction  of  the  Shinnecock  canal 
it  is  said  that  there  has  been  an  increase  in  the  salinity  of  the 
water  in  the  eastern  part  of  the  bay,  and  the  industry  is  now 
fairly  productive.  There  is  no  natural  a>nnection  of  Shinne- 
cock bay  with  the  ocean  on  the  south  side,  but  canals  have 
been  cut  through  the  sand-bar  in  order  to  increase  the  salinity 
of  the  water.  These  have  a  tendency  to  fill  up  with  sand  and 
are  not  permanent. 

On  December  LS  and  again  on  December  24,  samples  of 
water  were  collected  at  various  points  in  Shinnecock  bay  from 
its  westerly  end  to  its  outlet  in  the  Shinnecock  canal.  The 
chlorine  in  these  samples  varied  from  8650  parts  per  million  at 
the  westerly  end  to  11,500  parts  per  million  in  the  Shinnecock 
canal.  Throughout  the  greater  part  of  the  bay  the  chlorine 
was  about  10,500  parts  per  million.  The  water  here,  there- 
fore, contained  about  60  per  cent,  of  sea-w^ater  and  40  per  cent, 
of  fresh  water. 

On  December  27 ,  1907,  a  series  of  samples  of  oysters  was 
received  from  the  easterly  end  of  Shinnecock  bay.  All  of  these 
samples  gave  negative  tests  for  the  colon  bacillus.  They  were 
all  of  fair  quality,  but  the  flesh  was  somewhat  soft  and  dark 
colored.  The  chlorines  ran  between  10,000  and  11,000  parts 
per  million.  On  the  whole,  these  oysters  were  not  quite  as 
attractive  as  the  average  run  of  oysters  of  similar  size  found 
in  the  Great  South  bay. 
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On  the  same  date  samples  of  water  were  collected  and 
analyzed  for  chlorine,  with  the  following  results : 

ANALYSES  OF  WATER  FROM  SHINNECOCK  BAY 


Labora-  Chlorine 

TORY  Marked  Parts  per 

No.  Million 


574  200  feet  east    of  Quogue  bridge,  middle  of  channel.      December 

18.  1907.  10.00  A.  M.  (1) ■  8.650 

575  Shinnecock    bay    i    mile    east    of    Quogue    bridge,    middle    of 

channel.     December  18.  1907,  10:15  A.M.  (2) 10.100 

576  Shinnecock  bay.  800  feet  southeast  oflF-shore  over  oyster-beds. 

December  18.  1907.  10:40  A.M.  (3) 10,400 

577  Shinnecock  bay.  1.200  feet  southeast  off-shore  over  oyster-beds. 

December  18,  1907,  10:.55  A.M.  (4) 10.550 

678       Shinnecock  bay,  channel  off  Shinnecock,  Long  Island  station. 

December  18,  1907.  12:05  P.M 10.650 

580  Bridge,    Canoe   place,   taken    December   24.    1907,   9:45   A.M. 

Shinnecock  canal.     J.  W.  Linney,  Collector 11,550 

581  Shinnecock  bay.  off  Cormorant  point  in  channel.      December  24, 

1907,11:30  A.M.     J.  W.  Linney,  Collector 11,300 

582  Shinnecock  bay,  off  Ponquogue  point  in  channel.      December  27, 

1907,  10:30  A.M 10,950 


JAMAICA  HAY 

The  oyster  industry  in  Jamaica  bay  is  quite  large.  Condi- 
tions there  are  said  to  be  very  favorable  for  the  growth  of 
oysters,  altliough  they  are  objectionable  from  a  sanitary  stand- 
point. On  November  29,  1907,  a  series  of  samples  was  col- 
lected in  Jamaica  bay,  the  results  of  which  are  given  in  tables 
following.  Comparison  of  the  chemical  analysis  of  the  water 
with  that  of  the  (ircat  South  bay  will  show  that  while  the 
amount  of  albuminoid  ammonia  is  not  greatly  different,  the 
amount  of  free  ammonia  is  very  much  higher. 

On  Noveimber  29,  1907,  samples  of  oysters  were  obtained 
from  Jamaica  bay  at  a  point  a  short  distance  southwest  of 
RufHe  bar.  Out  of  six  samples  tested  for  I>.  coli  two  gave 
positive  results  in  one  cubic  centimeter  of  the  oyster  liquor, 
indicating  that  the  water  at  that  point  was  not  free  from  con- 
tamination. Aside  from  this  unsatisfactory  sanitary  showing, 
the  oysters  were  of  fair  quality.  The  chlorine  in  the  oyster 
liquor  was  about  15,000  parts  per  million.  The  locations  of 
the  samples  are  shown  on  Sheet  137,  Ace.  5531,  and  the  results 
of  the  analvses  were  as  follows: 


lirPECT    wax    OYSTIIR   IXDrSTRY 
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RESULTS  OF  ANALYSIS  OF  SAMPLES  OF  WATER  PROM  JAMAK  A  BAY. 

LONG  ISLAND 
COLLECTED  ON   NOVEMBER  29.  1907.  BY  C.  M.  EVERETT 
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11 
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9:30 
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15 

8 

2** 

10:00 

0.0 

14.070 

8 

7 

2 

10:00 

10.0 

14.970 

5 

7 

3 

10:20 

0.0 

14.970 

6 

17 

3 

10:20 

22.0 

15.070 

4 

12 

4 

10:50 

0.0 

14.970 

4 

9 

4 

10:.>0 

4.0 

15.070 

4 

8 

5 

11:25 

0.0 

14.120 

3 

10 

5 

11:25 
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10.0 

14.220 

4 

9 

6 

12:15  P.M. 

0.0 

13.«50 
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13 

6 

12:15 

10.0 

13.475 

3 

9 

7 

1:45 

0.0 

15.270 

4 

(J 
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1:45 

15.0 

15.170 

4 

7 

8 

2:20 

0.0 

14.720 
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15 
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2:20 

15.0 

14.720 
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2:50 
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7 

9 
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H 
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Peu      OnkCi'BIc 
Ci'Bic         Centi-    Remarks 
Centi-        meter 

METER       OF  W.\TER 


33 

42 
21 
2(> 
31 
18 
18 
38 
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r> 

9 
19 
15 
35 
45 
5(i 
24 
21 


+ 


Ca  as  CaCOa 
-^  771 


♦Hi^jh  tide  at  Sandy  Hook  at  2:10  P.M. 
♦♦Samples  1  and  2  were  collected  in  Sheepshcad  bay 


description  of  sample 

Laboratory  number 2761  2765 

Source  of  sample 

Jamaca  bay Station  5 

Date  of  collection November  29.  1907 

chemical  analysis 

Nitrogen  as 

Albuminoid  ammonia .182               .196 

Free  ammonia .816               .664 

Nitrites .080                .080 

Calcium  carbonate 771.000 

bactkriclo(;ical  an.alysis 
Number  of  bacteria  per  cubic  centimeter 8  6 
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APPENDIX    13 

AGRICULTURAL  LXTERESTS  OF  SUFFOLK  COUNTY 
AXD    EFFECT   OX   THEM    OF    PROPOSED 
DIVERSION  OF  GROUND-WATER 
TO  NEW  YORK  CITY 

BV   WALTER  E.  SPEAR,  DIVISION   ENGINEER 

Agriculture  has  been  one  of  the  leading  industries  on  Long 
Island  since  its  settlement,  and  to-day  truck  farming,  to  which 
agricultural  activity  is  to  a  great  extent  confined,  is  of  the  first 
importance.  The  industry  is  practiced  most  extensively  in 
Queens  and  Nassau  counties,  although  large  areas  in  SuflFolk 
county  are  devoted  to  truck  gardening  and  general  farming. 
The  menace  to  the  prospective  agricultural  interests  in  SuflFolk 
county,  which  the  farmers  there  mistakenly  see  in  the  pro- 
posed diversion  of  the  surplus  ground-waters  to  New  York 
City,  has  apparently  been  one  of  the  principal  obstacles  to  the 
acquirement  of  this  much  needed  supply  for  Brooklyn  borough. 
A  full  understanding  of  the  movement  of  the  ground-waters  in 
these  Long  Island  soils,  and  an  appreciation  of  the  means  by 
which  the  moisture  needs  of  vegetation  are  supplied,  are  sufift- 
cient  to  show  the  falsity  of  the  position  taken  by  the  agricul- 
tural interests  of  SuflFolk  county. 

The  success  of  agricultural  operations,  in  quite  all  of  the 
farming  districts  in  Long  Island,  is  entirely  dependent  upon 
the  amount  and  distribution  of  the  rainfall,  the  character  of 
the  soil  and  the  means  taken  to  conserve  the  rains  in  the  sur- 
face strata.  With  the  exception  of  small  areas  here  and  there 
in  SuflFolk  county,  as  well  as  in  Nassau  and  Queens,  the  grow- 
ing crops,  shrubs,  trees  and  other  vegetation  cannot  draw  upon 
the  ground- water  after  it  once  passes  the  surface  soils  and 
percolates  downward  to  the  main  water-table.  It  makes  little 
difference  therefore  in  the  success  of  agricultural  operations, 
where  the  surface  of  the  ground-water  is  when  the  vegetation 
cannot  normally  draw  upon  it,  and  it  will  be  shown  that  out- 
side of  a  few  areas  representing  but  a  small  i)ercenta^c  of 
SuflFolk  county,  farming  would  not  be  affected  by  any  move- 
ment of  the  water-table  that  might  result  from  the  proposed 
diversion  of  water  to  New  York  City. 
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CHARACTER    AND    DISTRIBUTION    OF    LONG 

ISLAND    SOILS 

The  Bureau  of  Soils,  U.  S.  Department  of  Agriculture,  in 
the  Report  of  1903  (**  Soil  Survey  of  the  Long  Island  Area, 
New  York,''  by  Jay  A.  Bonsteel  and  Party),  recognizes  15 
types  of  soils  on  Long  Island  in  that  portion  covered  by  their 
surveys  west  of  Patchogue  and  Port  Jefferson.  These  15  types 
of  soils  are,  for  convenience  of  discussion,  separated  in  the 
table  following  into  three  great  divisions — the  moraine  soils, 
the  plains  soils  and  the  marsh  soils.  The  location  and  relative 
areas  of  these  soils  are  shown  on  Sheet  148,  Ace.  L  646,  which 
has  been  made  up  from  the  maps  accompanying  the  above  re- 
port of  the  Bureau  of  Soils. 


CHARACTER  OF  LONG  ISLAND  SOILS 
FROM  REPORT  OF  BUREAU  OF  SOILS.  1903 


Soil 


Per  Cent,  or 

Wholb  Area 

Covered  by 

THIS  Soil 


General 
Depth  of 

Top-soil 
in  Inches 


General 

Depth  of 

Subsoil 

IN  Inches 


Adaptability 

OF  THIS 

Soil  roR 
Agriculture 


Miami  stony  loam 9.6 

Alton  stony  loam 18.6 

Plain  well  stony  loam. ...  1.0 

Sassafras  gravelly  loam. .  17.5 
Norfolk     coarse      sandy 

loam 12.0 

Norfolk  sand 14.2 

Norfolk  gravel 0.6 

Norfolk  coarse  sand 0.3 

Meadow 3.1 

Hempstead  gravelly  loam  3.6 

Hempstead  loam 0.4 

Sassafras  sandy  loam..  .  .  1.0 

Galveston  sandy  loam..  .  3.0 

Galveston  sand 2.3 

Galveston  clay 6.7 


MORAINE   SOILS 

8 
6 
6 

PLAINS   SOILS 
8 

8 


12 

None 
None 


8 

8 

12 

MARSH    SOILS 
12 

None 
24 


24  General  farming 

36  Late  truck  farming 

None         Of  little  value 


24  Truck  farming 

24  Late  truck  and  gen- 

eral farming.     Un- 
reliable 
24  Early  truck  farming 

None         Useless 
None         Useless  without  irri- 
gation 
Truck     farming     if 
drained 
24  Truck  farming 

24  Truck  farming 

36  Truck  farming 


Truck  farming  with 

drainage 
None         Worthless 
None         Truck  farming  after 

reclamation 


Moraine  Soils 

The  stony  loams  that  cover  the  morainal  ridges  in  the 
northerly  portion  of  the  island  are  generally  fine,  are  retentive 
of  moisture  and  of  considerable  depth,  and  are  underlain  with 
semi-impervious  beds  of  clay  and  till.  Fruits,  grains,  grasses 
and  deep  rooted  crops  grow  well  in  these  districts.     Being 
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favorable  for  general  farming,  they  have  been  cultivated  to  a 
greater  extent  than  the  larger  areas  of  sandy  soils  in  the 
broad  level  plains  of  central  and  southern  Suffolk  county. 
Where  not  occupied  by  farms,  these  moraine  soils  support 
hardwood  forests  of  oak  and  chestnut.  The  Miami  stonv 
loam  is  bv  far  the  best  of  these  moraine  soils.  The  Alton 
stony  loam  is  sandier  and  more  nearly  resembles  some  of  the 
plains  soils.  The  Plainwell  loam  is  still  coarser  and  less  suited 
to  agricultural  purposes. 

The  moraine  soils  are  confined  in  Suffolk  county  to  a  few 
small  areas  on  the  summits  of  the  southerly  moraine  and  tc 
the  northerly  morainal  ridge  outside  of  the  limits  of  the  catch- 
ment area  of  the  proposed  supply.  These  moraine  soils  within 
the  catchment  area  are  at  so  great  a  distance  from  the  location 
of  the  proposed  collecting  works,  so  far  above  the  main  water- 
table  and  so  separated  from  this  water-table  by  impervious 
strata,  that  there  is  no  possibility  that  their  moisture  condition 
could  be  affected  by  any  movement  in  the  water-table  along 
the  south  shore.  Thev  are,  therefore,  of  no  interest  in  the 
present  discussion. 

Plains  Soils 

The  soils  found  by  the  P)Ureau  of  Soils  in  the  inter-morainal 
valleys  and  the  broad  southerly  sloping  plains  of  Suffolk 
county  are  the  Sassafras  gravelly  loam.  Norfolk  coarse  sandy 
loam,  Norfolk  sand,  Norfolk  gravel,  Norfolk  coarse  sand,  and 
the  meadow  soils. 

The  Sassafras  gravelly  loam  occurs  in  the  northerly  portion 
of  the  outwash  plains  near  and  even  on  the  lower  slopes  of 
the  moraines.  This  is  a  yellow  loam  with  gravel  and  some  of 
the  fine  clayey  material  that  characterizes  the  moraine  soils. 
The  Sassafras  gravelly  loam  grades  off  toward  the  south  into 
the  sandier  Norfolk  coarse  sandy  loam  and  the  Norfolk  sand 
of  the  south  shore. 

These  plains  soils  are  open,  well  underdrained  by  the  coarse 
sands  and  gravels  beneath  them  and  are  admirably  adapted  for 
early  truck  gardening.  They  are  cultivated  extensively  in 
western  Long  Island,  but  in  Suffolk  county  only  the  Sassafras 
gravelly  loam  in  the  central  part  of  the  island,  and  the  Nor- 
folk sand  along  the  south  shore  and  in  some  of  the  large  valleys 
have  been  cultivated.  The  relatively  small  areas  of  Suffolk 
county  occupied  by  farms  are  shown  on  Sheet  149,  Ace.  5334, 
which  is  the  result  of  surveys  of  the  Long  Lsland  department 
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during  the  past  year.  Outside  of  these  small  areas  of  culti- 
vation, the  plains  of  Suffolk  county  are  covered  with  sprout- 
land  and  forests  of  low  scrub  oak  and  pitch  pine.  These  trees 
live  during  periods  of  drought  with  but  little  moisture  and 
are  able  to  resist  the  forest  fires  that  frequently  sweep  over 
the  interior  of  the  island.  These  fires  have  prevented  the 
accumulation  of  humus,  and  as  a  result  the  plains  soils  are 
generally  thin  and  leachy  and  allow  the  rains  to  percolate 
rapidly  through  them.  By  supplying  to  the  better  soils  the 
necessary  vegetable  matter  and  making  them  alkaline  by  turn- 
ing in  lime  or  wood  ashes,  they  become  an  admirable  soil,  if 
properly  cultivated  during  the  growing  season,  to  conserve 
the  moisture  that  falls  upon  them. 

The  Norfolk  coarse  sand  and  Norfolk  gravel  are  worth- 
less for  agricultural  purposes  and  the  thin,  stunted  forests 
that  cover  them  in  some  localities  represent  the  limit  of  their 
capabilities. 

The  Hempstead  loam  and  the  Hempstead  gravelly  loam 
are  important  soils  for  general  farming  and  truck  gardening, 
but  are  found  only  in  Nassau  and  Queens  counties.  The 
Hempstead  loams  are  of  finer  texture  and  more  retentive  of 
moisture  than  the  Sassafras  loams  that  are  similarly  situated 
in  the  outwash  plains  in  SuflFolk  county.  The  Sassafras  sandy 
loam  occurs  only  in  a  small  area  in  Kings  county. 

The  meadow  soils  of  SuflFolk  countv  are  of  little  value 

■'' 

without  extensive  drainage.  The  proposed  ground- water  col- 
lecting works  would  provide  this  to  small  portions  of  the 
meadow  lands  near  the  works  and  substantial  benefit  would 
accrue  to  them,  that  would  go  far  towards  oflFsetting  the  small 
injury  that  might  be  done  to  crops  on  adjacent  lands  slightly 
above  the  surface  of  saturation. 

Marsh  Soils 

The  marsh  soils  of  the  south  shore  of  Long  Island  can 
onlv  be  made  available  bv  extensive  reclamation  and  need  not 
be  considered  in  this  report.  Of  these  the  Galveston  sands 
of  the  sea  beaches  are,  of  course,  worthless  for  agriculture. 

Comparison  of  Soils  in   Suffolk,   Nassau,  Queens  and 

Kings  Counties 

The  report  of  the  Bureau  of  Soils  indicates  that  the  soils 
are,  on  the  whole,  better  in  Kings,  Queens  and  Nassau  coun- 
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ties  than  in  Suffolk  county.  Doubtless,  years  of  cultivation 
have  had  something  to  do  with  this  result,  but  it  should  be 
noted  that  a  greater  proportion  of  western  Long  Island  is 
within  the  moraines  and  is  covered  with  moraine  soils  and 
allied  types  of  finer  texture  than  are  found  in  Suffolk  county, 
where  the  areas  of  moraine  are  relatively  smaller,  and  a  large 
part  of  the  southerly  out  wash  plains  is  far  from  the  clays  and 
other  fine  material  in  the  moraines. 

While  large  areas  of  land  in  Suffolk  county  now  covered 
with  scrub  oak  and  pine  can  be  readily  cultivated  with  success, 
much  of  the  soil  in  these  barren  outwash  plains,  back  from 
the  south  shore,  in  the  interior  of  the  island  would  require 
treatment  beyond  the  means  of  the  ordinary  farmer.  These 
soils  will  doubtless  continue  for  many  years  to  find  their  best 
use  as  sources  of  fire  wood  and  the  areas  covered  by  them  as 
game  preserves. 

The  soil  map,  Sheet  148,  Ace.  L  646,  shows  that  the  pro- 
posed location  of  the  Suffolk  County  ground-water  collecting 
works  lies  in  the  least  valuable  soil  belt  in  Suffolk  county,  be- 
tween the  zone  of  cultivation  in  the  Norfolk  sands  of  the  south 
shore  and  the  better  soils  near  the  moraines. 

PHYSICS  OF  LONG  ISLAND  SOILS 

Depth  of  Soil 

The  general  depth  of  the  loam  and  subsoil  of  the  several 
types  of  Long  Island  soils  are  shown  in  table  on  page  521  of 
this  report,  as  reported  by  the  Bureau  of  Soils.  The  brown 
or  dark  yellow  surface  loams  or  top-soils  in  the  outwash  plains 
vary  in  thickness  from  6  to  12  inches,  the  yellow  subsoils  be- 
neath, which  contain  less  organic  matter,  although  often  as 
fine  as  the  top-soils,  from  24  to  36  inches.  The  total  depth  of 
the  soil  averages  about  30  inches.  Beneath  the  subsoils  are 
the  coarse  yellow  sands  and  gravels  80  to  200  feet  in  depth. 

The  roots  of  vegetation,  even  the  tap  roots  of  trees,  gen- 
erally find  no  food  nor  moisture  in  the  coarse  gravel  substrata 
of  the  outwash  plains,  and  do  not  penetrate  much  below  the 
bottom  of  the  yellow  subsoil.  The  average  limit  of  root  pene- 
tration in  the  outwash  plains  is  placed  at  30  inches,  the  average 
depth  of  the  soils. 
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The  Report  of  the  Bureau  of  Soils  states,  on  page  97 : 
**  Throughout  the  extent  of  both  belts  of  plains  the  com- 
bined depth  of  soil  and  subsoil  is  less  than  36  inches;  usually 
it  does  not  exceed  24  inches.  At  such  depths  it  is  underlain 
by  a  definite  band  of  closely  packed  gravel  or  cobbles,  which 
separates  it  from  the  coarse  porous  sands  and  gravels  below. 
As  a  result,  the  total  feeding  range  of  crops  is  limited  to  a 
root  development  in  a  scant  30  inches  of  soil.  Even  those 
trees  which  normally  develop  tap  roots  have  been  forced  to  a 
shallow  feeding  system,  for  in  few  cases  have  any  forms  of 
vegetation  been  able  to  penetrate  the  gravel.  The  shallowness 
of  the  soil  mass  affects  the  growth  of  the  crops  in  two  ways. 
It  limits  root  development  to  horizontal  spreading,  and  this 
results  in  crowding  among  closely  planted  crops  of  long  growth, 
like  grain  and  grass.  It  also  introduces  another  element  of 
the  same  character  in  limiting  the  storage  reservoir  for  the 
maintenance  of  moisture.  Both  effects  tend  toward  low  crop 
yields." 

The  small  depth  of  root  penetration  is  most  important,  be- 
cause the  roots  cannot  go  beyond  the  shallow  stfbsoils  for 
water,  and  it  will  be  shown  that  capillary  moisture  rises  through 
but  a  small  hight  in  the  coarse  sand  and  gravel  substrata  that 
bar  the  downward  movement  of  the  roots. 

Texture  of  Soils 

Some  idea  of  the  texture  of  the  surface  soils  and  substrata 
in  Long  Island  are  shown  on  Table  43,  which  has  been  com- 
piled from  the  test-pits  and  borings  in  Appendix  VII  of  the 
Burr-Hering-Freeman  Report,  pages  856  to  886,  and  from 
analyses  of  samples  obtained  during  the  past  year  in  southern 
Suffolk  county. 

The  locations  of  these  samples  are  shown  on  Sheet  148, 
Ace.  L  646.  They  cannot  be  considered  as  strictly  representa- 
tive of  the  soil  areas  in  which  they  are  situated,  for  with  the 
exception  of  the  recent  test-pits,  these  samples  come  from  test- 
holes  and  wells  that  were  located  for  the  purpose  of  surveying 
the  water-table,  regardless  of  the  surface  soils. 

The  soils  and  subsoils  are  generally  too  fine  to  allow  their 
effective  sizes  to  be  determined  by  the  ordinary  mechanical 
process  of  sifting.  These  are  compared  in  this  table  bv  the 
diameter  in  millimeters  than  which  60  per  cent,  is  fiaier. 
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TABLE    43 


Texture  of  Long  Island  Soils 


Depth  of  S.ample 
Sam-  Below  Surface    Thick- 
PLE  IN  Feet  ness 

No.    , — . .        IN 

From         To        Inches 


Description  of 
Material 


Effec- 
tive 
Size 


60  Per 
Cent. 
Finer 
Than 


Uniform- 
ity Co- 
effi- 
cient 


1 
2 
3 
4 
5 


1 
2 
3 
4 


1 
2 
3 
4 


1 
2 
3 
4 
5 


6 


1 
2 
3 
4 


1 
2 
3 
4 
5 


0.0 
0.5 
1.0 
6.0 
10.0 


0.0 

0.4 

1.5 

10.0 


0.0 
2.0 
5.0 
8.5 


0.0 
2.0 
5.0 
9.5 
12.5 


14.5 


0.0 

1.5 

5.0 

10.0 


0.0 
1.0 
4.0 
9.0 
14.0 


0.5 

1.0 

6.0 

10.0 

15.0 


0.4 

1.5 

10.0 

15.0 


2.0 

5.0 

8.5 

15.0 


2.0 

5.0 

9.5 

12.5 

14.5 


15.0 


1.5 

5.0 

10.0 

15.0 


1.0 

4.0 

9.0 

14.0 

15.0 


6 

6 

60 

48 

60 


5 

13 

102 

60 


24 
36 
42 

78 


24 
36 
54 
36 
24 


6 


1 

0.0 

0.5 

6 

2 

0.5 

8.0 

90 

3 

8.0 

14.0 

72 

4 

14.0 

19.0 

50 

1 

0.0 

2.0 

24 

2 

2.0 

5.0 

36 

3 

5.0 

10.0 

60 

4 

10.0 

15.0 

60 

IS 
42 
60 
60 


12 
36 
60 
60 
12 


Miami  Stony  Loam 

WELL  662,  near  corona 

Loam 

Loam  and  superfine  sand 

Coarse  and  superfine  sand 

Fine  gravel  and  superfine  sand .  . 
Medium  coarse  sand 

WELL  687,  NORTH  JAMAICA 

Loam 

Loam  and  superfine  sand 

Fine  sand 

Medium  sand  and  rock  flour 

WELL  828.  LONG  ISLAND  CITY 

Loam 

Fine  and  superfine  sand 

Fine  gravel  and  medium  sand.  .  .  . 
Coarse  sand 

WELL  859,  ASTORIA 

Loam 

Superfine  sand 

Medium  sand 

Coarse  sand 

Clay 

Pebbles 

WELL  864,  NEAR  LAKE  SUCCESS 

Loam 

Fine  gravel  and  fine  sand 

Medium  sand 

Medium  sand  and  cobbles 

WELL   1090,  EAST  OF  FLUSHING 

Loam 

Fine  gravel  and  fine  sand 

Coarse  and  fine  sand 

Alton  Stony  Loam 
well  695,  northwest  jamaica 

Loam 

Subsoil 

Coarse  and  medium  sand 

Fine  gravel  and  fine  sand 

WELL  956.  NORTH  LAKE  SUCCESS 

Loam 

Loam 

Medium  sand,  rock  flour,  little  clay 

Coarse  and  medium  sand 

Fine  gravel  and  coarse  sand 


'  0.18 
0.22 

0.70 
0.14 
1.30 

23.20 
6.21 

b.i72 

0.220 
0.260 
0.435 

'  4.65 

■    *    •    •    • 

o.is" 

0.13 
0.11 
0.60 

'  3.85 

0.13              

0.17              

0.18              3.44 

0.23              6.22 

All   material  in  this  sample   is 
more  than  60  per  cent,  finer 
than  1.10  railliaieters 

0.i4' 
0.13 

0.22 
0.36 

•    •    ■    • 

3.66 

2.70 

O.i.3' 
0.20 

0.11 
0.10 

4.04 
2.80 

0.2,55 

0.280 

0.221 

4.12 

0.208 

0.110 
0.345 

3.66 

0.130 

3.35 

0.1.50 

3.00 

0.225 

3.82 
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Depth  of  Sample 
Sam-   Below  Sl-rface    Thick- 
PLE  IN  Feet  ness 

No.  > s         IN 

From  To        Inches 


Description  of 
Material 


Effec- 
tive 
Size 


60  Per 
Cent. 
Finer 
Than 


Uniform- 
ity Co- 
effi- 
cient 


1 

0.0 

0.5 

2 

0.5 

1.0 

3 

1.0 

10.0 

4 

10.0 

15.0 

1 

0.0 

1.8 

2 

1.8 

2.3 

3 

2.3 

5.0 

4 

5.0 

8.0 

5 

8.0 

10.0 

6 

10.0 

15.0 

1 

0.0 

1.0 

2 

1.0 

5.0 

3 

5.0 

9.5 

4 

9.5 

15.0 

1 

0.0 

0.4 

2 

0.4 

1.0 

3 

1.0 

10.0 

4 

10.0 

15.0 

1 

0.0 

1.3 

2 

1.3 

2.0 

3 

2.0 

6.0 

4 

6.0 

11.0 

5 

11.0 

lo.O 

1 

0.0 

1.2 

2 

1.2 

2.5 

3 

2.5 

5.4 

4 

5.4 

9.5 

5 

9.5 

14.5 

6 

14.5 

15. 

1 

0.0 

1.5 

o 

1.5 

3.0 

3 

3.0 

8.0 

4 

8.0 

10.0 

5 

10.0 

12.0 

6 

12.0 

15.0 

1 

0.0 

0.3 

2 

0.3 

2.4 

3 

2.4 

10.0 

4 

10.0 

12.0 

5 

12.0 

15.0 

1 

0.0 

0.7 

2 

0.7 

1.2 

3 

1.2 

9.5 

4 

9.5 

15.0 

Sassafras  Gravelly  Loam 

well  607,  floral  park 

6  Loam 

6  Fine  sand 

108  Medium  sand  and  fine  gravel .... 

60  Medium  .sand  and  fine  gravel.  .  .  . 

WELL   616.  MILLBURN    RESERVOIR 

22       Loam 

6       Fine  sand  and  subsoil 

32  Coarse  sand  and  fine  gravel.  ..... 

36  Fine  gravel  and  coarse  sand  (little 

fine  sand) 

24        Coarse  and  medium  sand 

60  Coarse  gravel  and  medium  sand.  . 

WELL   619.   CREEDMORE 

12  Loam 

48  Subsoil 

54  Coarse  gravel  and  medium  sand.  . 

66  Medium  sand 

WELL   717,   NORTHEAST  JAMAICA 

6  Loam 

7  Loam  and  fine  sand 

108       Fine  sand 

60        Medium  sand 

WELL   845.  EAST    HEMPSTEAD   RESERVOIR 

16  Loam 

8  Coarse  gravel  and  fine  sand 

48  Fine  gravel  and  medium  .sand.  .  .  . 

60  Medium  sand 

48  Fine  gravel  and  coarse  sand 

WELL   846.  HEMPSTEAD   RESERVOIR 

14  Coarse  gravel  and  loam 

16  Superfine  sand  and  clay 

3.5  Fine  gravel  and  coarse  sand ..... 

49  Coarse  gravel,  medium  sand,  little 

rock  flf)Ur 

60        Coarse  sand 

6        Fine  gravel  and  coarse  sand .' 

WELL   847,  NORTH   HEMPSTEAD   RESERVOIR 

18  Loam  and  coarse  gravel 

18  Coarse  gravel  and  fine  sand 

60  Fine  gravel  and  medium  sand.  .  .  . 

24  Coarse  sand 

24  Coarse  sand 

36  Fine  gravel  and  medium  sand.  .  .  . 

WELL   849,   MASSAPEQL'A 

4  Loam 

25  Coarse  and  superfine  sand 

91  Coarse  gravel  and  medium  sand.  . 

24  Fine  gravel  and  medium  sand.  .  .  . 

36  Fine  gravel  and  medium  sand.  .  .  . 

WELL   858.  NORTH   SEAFORD 

9  Loam 

6        Medium  sand  and  coarse  gravel .  . 

99        Coarse  sand  and  fine  gravel 

66       Coarse  and  medium  sand 


0.215 
0.229 
0.221 


0.350 


0.119 


0.360 
0.231 
0.229 


0.442 


0.305 
0.25 


2.68 
5.07 
2.35 


3.57 


0.346 
0.260 
0.220 

4.05 
2.77 
2.41 

0.262 
0.260 

0.168 
0.22 

17.18 
2.27 

3.53 


0.238 
0.220 

2.15 
2.50 

0.410 
0.415 
0.289 
0.225 

0.225 

V5.24 
6.14 
2.01 
3.02 

0.380 

0.63 
0.30 

3.74 

0.220 
0.256 
0.205 

4.09 
3.28 
2.63 

0.290 

0.450 

.223 

.228 

0.410 

1.38 

12.76 

11.10 

2.24 

2.63 

12.70 

0.2.39 
0.270 
0.270 

0.41 
0.605 

0.875 

'  7.66 
3.89 
3.89 

13.90 
4.16 
2.53 
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TABLE    43    {Continued) 


Sam- 
ple 
No. 

Depth  of  Sample 

Below  Surface 

IN  Feet 

Thick- 
ness                  Description  of 
IN                           Material 

Inches 

Effec- 
tive 
Size 

60  Per 
Cent. 
Finer 
Than 

Uniform- 
ity Co- 

EFFI- 

From 

To 

cient 

Norfolk  Coarse  Sandy  Loam 

« 

test-pit  "a,"  northwest   BABYLON 

1 
2 
3 

0.0 
0.8 
1.9 
2.8 
3.4 
4.2 
5.1 

0.7 
1.9 
2.8 
3.4 
4.1 
5.1 
6.0 

8 
13 
11 
7 
8 
11 
11 

Loam 

Subsoil 

.056 

.048 

.038 

.26 

.33 

.165 

.250 

7.58 
9.63 
9.67 

4 
5 

Sand 

1.52 
3.24 

6 

ft 

2.21 

7 

Sand  and  sravel 

2.76 

WELL  729,  southeast  farmingdale 

1 
2 

0.0     . 
0.5 
1.0 
5.0 
10.0 

0.6 

1.0 

5.0 

10.0 

15.0 

6 

6 

48 

60 

60 

Loam 

Fine  sravel  and  subsoil 

0.308 
0,358 
0.435 

1.13 
0.80 

3 

4 
5 

Fine  gravel  and  medium  sand.  ,  ,  . 
Fine  gravel  and  medium  sand.  . .  . 
Fine  gravel  and  coarse  sand 

8.08 
8.10 
7.13 

well  743,  north  amityville 

1 
2 

0.0 
0.5 
1.0 

6.0 
10.0 

0.5 
1.0 
5.0 

10.0 
15.0 

6 
6 

48 

60 
60 

Loam 

Fine  travel  and  subsoil 

0.530 
0.380 
0.341 

0.605 
2.00 

3 

Coarse  and  line  gravel  and  super- 
fine sand 

6.51 

4 
6 

Fine  gravel  and  fine  sand 

Fine  gravel  and  medium  sand.  . . . 

7.37 
7.68 

WELL  826,  north  amityville 

1 
2 
3 
4 

0.0 

0.5 

5.0 

10.0 

0.5 

5.0 

10.0 

15.0 

6 
54 
60 
60 

Loam  and  fine  sand 

Medium  sand  and  fine  gravel.  .  .  . 

Fine  gravel  and  coarse  sand 

Fine  gravel  and  coarse  sand 

WELL  843,   NORTH   OF   BAYSHORE 

d.ise 

0.259 
0.434 

0.74 

'  6.78 
4.02 
4.61 

1 
2 
3 

4 

0.0 

1.5 

5.0 

10.0 

1.5 

5.0 

10.0 

15.0 

18 
42 
60 
60 

Loam 

Subsoil,  coarse  and  fine  gravel 

Coarse  gravel  and  medium  sand.  . 
Coarse  and  fine  gravel 

WELL  861,   SOUTH   OF   BRENTWOOD 

0.22' 
1.27 

0.46 
0.65 

'  4.64 
1.73 

1 
2 
3 
4 

0.0 

1.0 

5.0 

10.0 

1.0 

6.0 

10.0 

15.0 

12 
48 
60 
60 

Loam 

Coarse  gravel  and  subsoil 

Medium  sand  and  fine  gravel .... 
Fine  gravel  and  medium  sand.  .  .  . 

Norfolk  Sand 

TEST-PIT   "C,"   NORTHEAST  SAYVILLE 

0.224 
0.220 

0.50 
0.39 

'  2.63 
16.23 

1 

0.0 

'  0.75 
1.0 
1.5 
2.0 
2.5 
3.5 
4.0 
4.5 
5.0 
6.5 
7.0 
7.6 
8.0 

«    •    •    • 

.75 
1.0 
1.5 
2.0 
2.5 
3.5 
4.0 
4.5 
5.0 
6.5 
7.0 
7.5 
8.0 
8.5 

•  ■ 

•  ■ 

3 
6 
6 
6 

12 
6 
6 
6 

18 
6 
6 
6 
6 

Top-soil 

0.132 
0.128 
0.138 
0.140 
0.162 
0.230 
0.238 
0.242 
0.230 
0.245 
0.298 
0.220 
0.225 
0.230 
0.208 

2.70 

2 

•  < 

2.75 

3 
4 

Subsoil 

4  « 

2.56 
2.57 

5 

<l 

2.43 

6 

7 
8 

Sand 

Sand  and  gravel 

II                 11                   II 

2.26 
2.93 
2.02 

9 
10 

Sand 

Sand  and  gravel 

2.65 
2.20 

11 

•  •        • I         II 

2.30 

12 

< 1         11         11 

1.95 

13 

•  t        II         II 

2.10 

14 

II         1 1          11 

2.30 

15 

II        <>         II 

2.50 

WELL   660,    SOUTHEAST  JAMAICA 

1 
2 

0.0 

1.0 

5.0 

10.0 

1.0 

5.0 

10.0 

15.0 

12 
48 
60 
60 

Loam  and  fine  sand 

II                 •  I              11              II 

0.128 
0.200 
0.220 
0.220 

2.91 
2.20 

3 
4 

Fine  gravel  and  medium  sand.  .  .  . 
Medium  sand  (little  rock  flour)..  . 

2.77 
2.09 

TABLE    43    (Continued) 
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Depth  of  Sample 
Sam-   Below  Surface    Thick- 
PLE  IN  Feet  ness 

No.    < <- ,        IN 

From         To        Inches 


Description  of 
Material 


Effec- 
tive 
Size 


60  Per 
Cent. 
Finer 
Than 


Uniform- 
ity Co- 
effi- 
cient 


1 
2 
3 


1 
2 
3 


1 
2 
3 
4 
6 
6 


1 
2 
3 
4 
5 


1 
2 
3 

4 


1 
2 
3 
4 
5 
6 
7 
8 
9 


1 
2 
3 
4 


1 
2 
3 


5A 
5B 
6 


0.0 
1.0 
6.0 

10.0 


0.0 
1.0 
5.0 

10.0 


0.0 

0.5 

1.0 

10.0 

11.0 

12.0 


0.0 
0.5 
1.0 
5.0 
10.0 


0.0 

1.0 

5.0 

10.0 


0.0 
O.l 
1.5 
2.3 
3.2 
4.5 
5.1 
6.0 
6.5 


0.0 
0.25 
1.0 
3.0 


0.0 
3.6 
4.5 

6.6 

7.1 
10.0 
12.0 

13.0 


1.0 

5.0 

10.0 

15.0 


1.0 

5.0 

10.0 

15.0 


0.5 
1.0 
10.0 
11.0 
12.0 
15.0 


0.5 

1.0 

5.0 

10.0 

15.0 


1.0 

5.0 

10.0 

15.0 


0. 
1. 


2.3 
3.2 


4. 
5, 

6, 


6.5 


0.25 
1.0 
3.0 
15.0 


3.6 
4.5 
6.6 

7.1 

10.0 
12.0 
13.0 

15.0 


12 

48 
60 

60 


12 

48 
60 

60 


6 

6 

108 

12 

12 

36 


6 

6 

48 

60 

60 


12 
48 
60 
60 


1 
17 

9 
10 
17 

7 
11 

6 


3 

0 

24 

144 


43 
11 
25 

6 

35 
24 
12 

24 


Norfolk  Sand   {Conciuded) 

well  627,  south  Jamaica 

Loam 

Loam  and  superfine  sand 

Fine  gravel,  medium  and  superfine 

sand 

Medium  and  fine  sand 

well  628,   SOUTH  JAMAICA 

Loam 

Medium  sand  and  loam 

Coarse   and   medium   sand    (little 

superfine  flour) 

Fine  gravel  and  coarse  sand  (little 

superfine  flour) 

well   638,    SOUTH   JAMAICA 

Loam 

Fine  sand  and  subsoil 

Medium  sand 

*  a  .  . 

•  <  ti 
ft  i  > 

WELL   639,    SOUTHEAST   JAMAICA 

Loam 

Medium  sand  and  coarse  gravel .  . 

Medium  sand 

Medium  and  fine  sand 

Medium  sand 

WELL  659.   SOUTHEAST  JAMAICA 

Loam  and  fine  sand 

Fine  sand 

«  •  •  • 

Medium  sand 

Norfolk  Coarse  Sand 

TEST-PIT    "B,"    northeast    BABYLON 

Top-soil,  humus 

Subsoil 

Sand  and  gravel 

•  <  I  •  •  • 

f  i  II  ■  • 

Sand,  gravel  and  clay 

Sand  and  gravel 

Sand,  gravel  and  clay 

Sand  and  gravel 

WELL    176.    northeast   BABYLON 

Organic  matter  and  sand 

Sandy  loam 

Sand,  gravel  and  clay 

Fine  gravel  and  sand 

STOVEPIPE   WELL   2.    NORTHEAST   BABYLON 

Gravelly  loam 

Clay  and  sand 

Fine  gravel,   coarse   and   medium 

sand 

Fine  gravel,   coarse  and   medium 

sand 

Coarse  and  medium  sand 

Coarse  gravel 

Coarse  and  fine  gravel  and  coarse 

sand 

Coarse,  medium  and  fine  sand..  .  . 


0.107 

0.245 
0.229 


0.117 
0.200 
0.225 


0.160 
0.182 
0.213 
0.210 
0.211 
0.190 


0.132 
0.212 
0.230 
0.245 
0.229 


0.215 
0.192 
0.224 


0.96 


0.32 


0.380 


5.79 

8.16 
2.25 


5.70 
4.00 
4.00 


3.25 
3.13 
2.72 
2.33 
1.34 
2.27 


2.71 
4.13 
2.39 
5.22 
2  16 


1.47 
2.24 
1.83 


0.230 

3.00 

0.215 

3.65 

0.34 

3.00 

0.308 

2.64 

0.235 

2.03 

0.0545 

7.75 

0.218 

2.40 

0.0142 

13.40 

0.200 

1.84 

0.i7* 

"  7.35 

0.33 

7.57 

0.29 

3.62 

0.43 

0.5  i" 

3.72 

0.59 



6.61 

0.60 

4.66 

0.45 

'o.5i 

2.44 

10.5 

2.66 

1.35 

«     ■     •     •     • 

12.22 

0.33 

1.78 
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Depth  of  Sample 
Sam-  Below  Surface    Thick- 

PLE  IN  FkET  NESS 

No.    . ' .         IN 

From  To        Inches 


Description  of 
Material 


Effec- 

60 Per 

Uniform 

tive 

Cent. 

iTY  Co- 

Size 

Finer 

effi- 

Than 

cient 

1 

0.0 

2.0 

24 

2 

2.0 

5.0 

36 

3 

5.0 

10.0 

60 

4 

10.0 

15.0 

60 

1 

0.0 

1.2 

14 

2 

1.2 

2.3 

13 

3 

2.3 

7.0 

56 

4 

7.0 

12.0 

60 

5 

12.0 

15.0 

36 

1 

0.0 

1.5 

18 

2 

1.5 

3.0 

18 

3 

3.0 

6.0 

36 

4    . 

6.0 

10.0 

48 

5 

10.0 

15.0 

60 

1 
2 
3 
4 

0.0 
0.5 
1.5 
8.0 

0.5 

1.5 

8.0 

15.0 

6 
12 

78 
84 

1 
2 
3 

0.0 
1.2 
3.2 

1.2 
3.2 
6.0 

14 
24 
34 

4 
5 

6.0 
11.0 

11.0 
16.0 

60 
60 

1 
2 
3 
4 
5 

0.0 
1.7 
2.7 
5.0 
9.0 

1.7 
2.7 
5.0 
0.0 
15.0 

20 
12 

28 
48 
72 

1 
2 

0.0 
2.0 

2.0 
0.5 

24 
54 

3 

6.5 

11.0 

54 

4 

11.0 

16.0 

60 

1 
2 
3 

0.0 
1.5 
4.0 

1.5 
4.0 
6.0 

18 
30 
24 

4 

5 

6.0 
11.0 

11.0 
16.0 

60 
60 

Hempstead  Gravelly  Loam 

well  422,  garden  city 

Loam  and  coarse  gravel 

Coarse  and  fine  gravel  and  coarse 

sand 

Fine  gravel  and  medium  sand.  .  .  . 
Fine  gravel  and  coarse  sand 

WELL   862,    north    HEMPSTEAD 

Loam 

Fine  sand  and  pebbles 

Medium  sand 

Medium  sand  and  pebbles 

Medium  sand  and  coarse  gravel .  . 

WELL  908.  SOUTH  CENTRAL  PARK 


Coarse  gravel  and  loam 

Coarse  gravel  and  coarse  sand  . 
Fine  gravel  and  medium  sand 
Fine  gravel  and  coarse  sand .  . 


Hempstead  Loam 

WELL   829.   west   garden    CITY 


Loam 

Loam 

Fine  gravel  and  medium  sand. 
Fine  gravel  and  coarse  sand. . 


WELL  863,  mineola 

Loam 

Coarse  gravel  and  subsoil 

Fine    gravel,    medium    sand    and 

subsoil 

Fine  gravel  and  medium  sand.  .  .  . 


WELL   865,    SOUTH    BETHPAGE   JUNCTION 

Loam  and  coarse  gravel 

Superfine  sand 

Fine  gravel  and  superfine  sand.  .  . 
Fine  gravel  and  medium  sand.  .  .  . 
Coarse  gravel  and  medium  sand.  . 

WELL   901.   MINEOLA 

Loam 

Oiarsc  and  fine  gravel  and  medium 

sand 

Coarse  and  fine  gravel  and  medium 

sand 

Fine  gravel  and  medium  sand.  .  .  . 

WELL    1142.    NORTH    HICKSVILLE 

Loam    

Fine  sand  and  cf)arse  grave! 

Coarse    and    medium     sand     and 

coarse  gravel 

Coarse  and  fine  sand,  coarse  gravel 
Fine  gravel  and  medium  sand    .  .  . 


0.510 
0.230 
0.300 


0.161 
0.753 
0.318 
0.230 
0.270 


0.145 
0.620 
0.330 
0.370 
0.363 


0.230 
0.358 


0.280 
0.280 
0.380 


0.3 1 
0.30 


0.48 

0.37 
0.35 


0.28 

0.23 
0.51 
0.29 


3.30 


0.23 
0.38 


0.24 
2.08 


0.22 
0.21 
0.23 


0.44 


0.23 


12.16 
6.52 
4.40 


1.32 
8.13 
1.80 
2.39 
4.26 


7.93 
fi.05 
6.06 
7.03 
7.71 


3.83 
4.47 


16.07 
4.43 
6.58 


2.97 
10.67 


13.33 

6.71 
11.14 


7.27 

4.56 
7.25 
3.72 


TABLE    48     {Concluded) 


S31 


Depth  of  Sample 
Sam-   Below  Surface    Thick- 

PLE                 in  FkET  NESS 

No.   , — » ,  IN 

From         To        Inches 


Description  of 
Material 


Effec- 
tive 
Size 

60  Per 
Cent. 
Finer 
Than 

Uniform- 
ity Co- 
effi- 
cient 

1 

0.0 

2.7 

32 

2 

2.7 

7.5 

58 

3 

7.5 

12.2 

56 

12.2 


17.5 


64 


1 

0.0 

0.8 

10 

2 

0.8 

2.5 

20 

3 

2.5 

6.0 

42 

4 

6.0 

10.0 

48 

5 

10.0 

15.0 

60 

1 

0.0 

2.5 

30 

2 

2.5 

5.0 

30 

3 

5.0 

lO.O 

60 

4 

10.0 

15.0 

60 

1 
2 
3 

0.0 
1.0 
2.5 

1.0 
2.5 
4.5 

12 
18 
24 

4 

4.5 

6.0 

18 

5 
6 

6.0 
10.0 

10.0 
15.0 

48 
60 

1 

0.0 

3.0 

36 

2 

3.0 

8.0 

60 

3 

8.0 

10.5 

30 

4 

10.5 

15.0 

54 

Hempstead  Lo.\m  {Con:iudeii) 

well  906,  northeast  williston 

Loam 

Fine  sand  and  fine  gravel 

Coarse    and    fine    gravel ,    coarse. 

medium  and  fine  sand 

Fine  gravel  and  medium  sand.  .  .  . 

well  907,  north  floral  park 

Loam 

Subsoil 

Fine  gravel  and  medium  sand.  .  .  . 

(Viarse  and  medium  sand 

Fine  gravel  and  coarse  sand 

WELL   909.    SOUTH    HICKSVILLE 

Loam 

Fine  gravel  antl  fine  sand 

Fine  gravel  and  medium  sand.  .  .  . 

Fine    gravel     and    medium    sand 

(little  superfine  sand) 

WELL    955.    SOl'TH    HICKSVILLE 

Loam 

Subsoil 

Coarse    gravel,    coarse    sand    and 

subsoil 

Coarse    gravel    and    coarse    sand 

(little  rock  flour) 

Coarse  gravel  and  medium  sand.  . 
Coarse     sand,     fine     gravel     and 

medium  sand 

W^ELL   959,    NORTH   MINEOLA 

Loam 

Subsoil 

Coarse  sand  and  superfine  flour.. . 
Fine  gravel  and  coarse  sand 


0.21 


0.34 


0.2  i' 

■  5.34 

0.27 
0.22 

14.50 
6.27 

0.28* 

0.23 

0.35 

0.28 
0.28 

■  "8.73 
2.56 
5.48 

0.24 
0.24 

0,55 

'  3".66 
4.04 

2.88 


0.25 
0.73 

0.24 

13.62 

0.64 
0.45 

6.64 
11.56 

0.22 

10.00 

0.18' 
0.20 

0.14 
*0.10 

*  7.50 
4.25 

♦Than  which  61  per  cent,  is  finer 
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The  effective  size  of  these  loams  and  subsoils  probably  lies 
between  0.03  and  0.15  millimeter.  The  coarse  sands  and 
gravels  beneath  the  loam  and  subsoil  range  in  effective  size 
from  0.20  to  0.60  millimeter  or  more.  Even  the  finer  soils 
frequently  contain  much  gravel  and  consequently  have  large 
uniformity  coefficients.  The  porosity  of  the  top-soils  and  sub- 
strata varies  from  30  to  45  per  cent,  of  their  total  volume, 
being  somewhat  larger  for  the  finer  and  more  uniform  soils. 

Movements  of  Soil  Moisture 

It  has  been  pointed  out  tliat  only  a  small  portion  of  the 
rain  that  falls  on  the  surface  of  southern  Long  Island  runs 
off  over  the  surface;  the  remainder,  if  not  immediately  evap- 
orated, sinks  quickly  into  the  coarse  soils  and  substrata.  The 
subsequent  movements  of  this  water  in  the  pore  spaces  of  the 
soil  may  be  outlined  as  follows : 

(1)  A  portion  under  the  influence  of  gravity,  possibly 
aided  by  capillarity,  sinks  through  the  soils  and  substrata  to 
replenish  the  ground-water  reservoirs  in  the  pore  spaces  of 
the  deep  water  bearing  gravels. 

(2)  Some  is  retained  in  the  pore  spaces  of  the  soil  by  capil- 
larity or  surface  tension  due  to  molecular  forces  on  the  surface 
of  the  films  of  water  that  surround  the  sand  grains.  A  portion 
of  this  moisture  is  absorbed  slowly  by  the  fine  roots  of  vegeta- 
tion and  dissipated  by  the  foliage  above  the  surface,  or  is  used 
up  by  the  minute  plant  life  and  the  small  animals  in  the  top- 
soils. 

(3)  Another  portion  likewise  retained  in  the  soils  is  drawn 
by  capillarity  to  the  surface  of  the  ground  and  evaporated. 

(4)  Still  another  small  portion  of  the  moisture  may  be  lost 
to  the  air  within  partially  saturated  soil  by  interior  evapora- 
tion. 

The  relative  proportion  of  the  rainfall  that  disappears  in 
these  ways  varies  greatly  during  the  year.  The  percolation  to 
the  deep  strata  is  larger  during  the  colder  months  when  the 
surface  evaporation  is  small  and  plant  life  is  inactive,  and  is 
little  or  nothing  in  summer,  when  the  moisture  is  rapidly  dissi- 
pated by  evaporation  or  taken  up  by  vegetation. 

Percolation  Under  Influence  of  Gravity 

Experiments  have  shown  that  the  rate  of  downward  per- 
colation of  soil  moisture  depends  upon  the  coarseness  of  the 
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soil,  the  temperature  and  the  amount  of  moisture  contained. 
The  pore  spaces  of  a  coarse  soil  are  larger  and  the  force  of 
capillarity  opposes  less  resistance  to  the  downward  movement 
of  the  water  under  the  influence  of  gravity  than  in  a  fine  soil. 
Whatever  the  texture  of  the  soil,  this  resistance  of  capillarity 
decreases  with  the  aiTK>unt  of  moisture  contained  and  with  the 
increase  in  temperature  or  decrease  in  viscosity. 

The  velocity  of  the  gravitational  movement  of  the  water  in 
the  soil  is  small.  The  observations  of  the  Burr-Hering-Free- 
man  Commission,  shown  graphically  in  Plate  VI  of  Appen- 
dix VII  of  their  report,  following  page  792,  and  discussed  on 
pages  798  to  805,  indicate  that  the  velocity  of  percolation  in 
the  coarse  outwash  plains  averaged  about  one  foot  per  day  dur- 
ing the  spring  and  summer  of  1903,  ranging  from  0.5  foot  to 
5.0  feet  per  day.  The  rate  of  movement  evidently  increased  in 
late  summer  after  the  early  rains  had  filled  the  ground  with 
moisture  and  was  greater  during  the  entire  season  through 
the  first  ten  feet  than  for  greater  depths. 

In  Bulletin  No.  10,  U.  S.  Department  of  Agriculture, 
Division  of  Soils,  Lyman  J.  Briggs  states  on  page  20  : 

"  If  the  soil  is  nearly  saturated,  so  that  the  films  connecting 
the  capillary  spaces  are  short  and  thick,  and  the  capillary  spaces 
themselves  are  not  active,  but  little  resistance  is  offered  to  the 
movement  of  water  and  the  addition  of  water  at  the  surface 
is  quickly  felt  farther  down.  If,  on  the  other  hand,  the  soil 
contains  but  little  water,  the  same  amount  of  water  added  to 
the  surface,  while  producing  marked  changes  in  the  upper 
layers,  will 'not  be  felt  so  quickly  at  the  lower  depths  on  account 
of  the  activity  of  the  upper  capillary  spaces  and  the  length 
and  small  cross-section  of  the  connecting  films." 

Light  rains  in  summer  on  dry  soil  are,  therefore,  less 
effective  than  in  spring  and  fall  when  the  soil  is  moist. 

Movement  of  Soil  Moisture  by  Capillarity 

The  downward  percolation  of  water  in  soil  may  be  assisted 
by  capillarity  when  the  surface  tension  of  the  water  in  the 
deeper  soils  is  greater  than  at  the  surface.  The  cgndition 
arises  as  a  result  of  a  lower  temperature  at  the  bottom  and 
greater  viscosity  there,  or  it  may  result  where  the  deeper 
layers  are  made  up  of  finer  grains  or  contain  less  moisture  than 
the  surface  soil.  Capillarity,  or  surface  tension,  is  of  greatest 
importance,  however,  in  arresting  the  downward  movement  of 
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the  rains  in  the  soils  and  retaining  the  moisture  there  during 
the  growing  period  for  the  uses  of  vegetation. 

If  the  soil  is  already  moist  before  a  rainfall,  some  of  the 
rain-water  may  be  drawn  down  by  gravity  because  the  surface 
tension  cannot  retain  all  of  it.  As  the  soil  fills  with  water  the 
films  connecting  the  capillary  spaces  become  short  and  thick, 
the  curvature  of  the  films  becomes  small,  and  surface  tension, 
which  is  resisting  the  gravitational  movement,  is  decreased. 
Under  these  circumstances,  a  portion  of  the  water  flows  down- 
ward until  an  amount  remains  in  the  soil  that  the  surface  ten- 
sion can  support.  Should,  however,  there  be  but  little  moisture 
in  the  soil  previous  to  a  shower  only  a  small  portion  of  the 
rain  may  get  far  below  the  surface,  and  this  portion  will  move 
very  slowly  in  the  dry  soil.  Most  of  the  rain-water  will  be 
distributed  in  the  top-soil,  according  to  the  moisture  content 
and  the  texture  of  the  several  layers  until  a  condition  of  equi- 
librium is  reached.  A  new  distribution  of  this  moisture  con- 
stantly takes  place,  however,  as  the  small  roots  of  vegetation 
distributed  through  the  soil  mass  absorb  the  water  from  the 
enclosing  sand  grains,  and  moisture  from  other  portions  of 
the  soil  moves  in,  through  capillarity,  to  take  its  place.  Fur- 
thermore, the  moisture  in  the  layer  of  soil  at  the  surface  is 
constantly  evaporated,  and  the  moisture  in  the  soil  beneath 
the  surface  moves  upward  to  be  in  turn  evaporated.  The  rate 
of  capillary  movement  increases  directly  with  the  fineness  of 
the  soil  and  up  to  a  certain  degree  of  saturation  with  the 
moisture  content,  and  increases  inversely  with  the  tempera- 
ture. 

Interior  Evaporation 

Moisture  in  the  soil  is  also  dissipated  at  times  by  interior 
evaporation,  currents  of  air,  moving  in  and  out,  as  the  "  soil 
breathes "  take  up  a  small  amount  of  water  from  the  films 
that  surround  the  sand  grains  and  remove  it  as  aqueous  vapor. 
This  loss  is  probably  not  inconsiderable  in  an  open,  porous  soil 
of  small  moisture  content  through  which  the  air  freely  moves 
under  changes  of  temperature  and  barometric  pressure.  When 
the  amount  of  moisture  in  the  soil  becomes  too  small  for  capil- 
lary movement,  it  exists  as  hygroscopic  w^ater  on  the  soil 
grains  and  is  doubtless  removed  by  the  air  moving  through 
the  soil.  The  amount  of  this  loss  has  not  been  studied  to  any 
extent,  and  it  is  not  known  whether  plants  secure  any  moisture 
from  the  air  within  the  soil. 
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Maximum  Capillary  Rise  of  Water  in  Long  Island  Soils 

Among  other  investigations  on  the  physics  of  Long  Island 
that  were  made  in  1903  by  the  Burr-Hering-Freeman  Com- 
mission, a  series  of  experiments  was  carried  on  to  determine 
the  limit  of  upward  capillary  movement  of  moisture  in  par- 
tially saturated  soils,  which  are  fully  described  in  the  report 
of  the  commission,  pages  603  to  613.  Long  Island  sands, 
sifted  but  not  washed,  were  selected  for  this  work.  The  final 
results  of  these  experiments  are  exhibited  on  Sheet  138,  Ace. 
L  660,  taken  from  page  612  of  the  report.  This  diagram  shows 
the  limit  of  "  partial  capillarity  "  as  it  is  called,  or  the  greatest 
hight  to  which  moisture  rises  through  surface  tension  in  par- 
tially saturated  sands  of  a  given  effective  size.  From  the 
upper  curve  of  this  diagram,  which  represents  the  maximum 
hight  through  which  an  appreciable  amount  of  water  was  ob- 
served to  move  in  wet  soils,  the  maximum  rise  corresponding 
to  effective  size  is  as  follows: 


Effective  Size  of  Soil 

Limit  of  Partial  Capillarity 

in  Millimeters 

in  Feet 

0.03 

7.00 

0.05 

6.00 

0.10 

4.25 

0.20 

2.75 

0.30 

2.00 

0.40 

1.65 

0.50 

1.40 

0.60 

1.25 

0.70 

1.15 

0.80 

1.05 

0.90 

0.95 

1.00 

0.90 

For  material  of  the  fineness  of  the  Long  Island  loams  and 
subsoils,  which  have  an  effective  size  of  from  0.03  to  0.15  milli- 
meter, it  appears  that  the  limit  of  capillary  rise,  when  wet, 
is  from  four  to  seven  feet.  From  the  lower  curves  of  the 
diagram  it  is  evident,  however,  if  the  material  is  dry,  that 
moisture  does  not  rise  in  even  the  finest  soils  over  two  feet. 

It  should  be  noted,  however,  that  the  thickness  of  these 
fine  soils  in  the  plains  of  southern  Suffolk  county  is  in  no 
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case  much  over  36  inches,  and,  if  the  surface  of  the  ground- 
water is  below  the  subsoil,  vegetation  is  dependent  upon  the 
amount  of  moisture  that  the  force  of  capillarity  draws  up 
through  the  coarse  sands  and  gravels  underlying  the  subsoils 
into  which  the  roots  do  not  penetrate.  It  has  been  noted  that 
the  effective  sizes  of  the  coarse  sands  and  gravels  range  from 
0.20  to  0.60  millimeter;  from  the  above  table  it  appears  that 
water  does  not  rise  in  such  material,  even  when  wet,  to  a 
greater  hight  than  one  to  three  feet,  and  moisture  determina- 
tions taken  in  test-pits,  excavated  in  1903,  to  the  water-table 
confirm  these  figures.  In  dry  material  of  these  effective  sizes, 
moisture  does  not  even  rise  as  much  as  12  inches. 

Under  the  most  favorable  conditions,  moisture  cannot, 
therefore,  reach  the  roots  of  plants  through  these  substrata  of 
coarse  sand  if  the  moisture  has  to  pass  from  a  ground- water 
surface  through  a  hight  of  more  than  three  feet.  If  the  depth 
of  soil  and  subsoil  is,  on  the  average,  30  inches,  and  the  sands 
and  gravels  below  are  of  such  texture  that  the  average  capil- 
lary rise  below  the  subsoil  is  say  24  inches,  it  is  evident  that 
vegetation  can  obtain  no  moisture  from  the  water-table  or  the 
surface  of  saturation  when  this  is  over  54  inches  below  the 
ground  surface,  or  let  us  say  five  feet,  to  be  on  the  safe  side. 

In  order  to  confirm  these  conclusions  by  full  size  experi- 
ments on  the  natural  soils  and  substrata  of  Long  Island  that 
would  be  more  convincing  to  the  average  man  than  the  deduc- 
tions from  the  above  investigations  of  1903,  a  series  of  experi- 
ments was  planned  in  the  fall  of  1907  and  carried  out  at  the 
Varick  Street  laboratory  during  the  ensuing  five  months.  Gal- 
vanized-iron  tanks  six  inches  in  diameter  and  six  feet  long, 
open  at  both  ends,  with  a  screen  at  the  bottom,  were  filled  with 
soil  at  three  representative  localities  along  the  line  of  the  pro- 
posed collecting  works  in  southern  SuflFolk  county  as  follows: 


Test- 
pit 

Type  of  Soil 

From  U.  S.  Bureau 

OF  Soils 

Depth 

OF 

Location                     Top-soil 

IN 

Inches 

Depth 

of 
Subsoil 

IN 

Inches 

A 

Norfolk  coarse  sandy  loam . 

Norfolk  coarse  sand 

Norfolk  sand 

Cultivated  field  1  *^  miles  north- 
west   of    Babylon    on     North 
street,     200     yards     east     of 
Belmont  avenue 

10 

1 

9 

• 

24 

B 

C 

"Babylon    experiment    station," 
West  Islip.  in  scrub  oak  barrens 

Corn  field  on  property  of  H.  E. 
Bergen,  near  Sans  Souci  lakes, 
2  miles  northeast  of  Say ville .  . 

17 

15 
-;.        1 
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diog.  by   Geo.  C.Whipple   in 
rr-Haring- Freeman  Reporf    1903 
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Two  tanks  were  taken  from  each  pit;  one  at  each  point 
called  A-1,  B-1  and  C-1,  respectively,  represented  a  complete 
section  from  the  surface;  the  second,  designated  A-2,  B-2  and 
C-2,  respectively,  was  not  intended  to  include  the  top-soil. 

The  tanks  were  carefully  filled  in  an  inverted  position  on 
the  ground,  samples  of  each  stratum  taken  in  jars  for  mechan- 
ical analysis,  and  all  shipped  to  Varick  Street  laboratory.  The 
tanks  were  there  placed  within  others  about  eight  inches  in 
diameter,  as  shown  in  the  sketch  on  Sheet  139,  Ace.  L  500. 
A  tube  two  inches  in  diameter  on  the  outside  of  the  larger 
tanks  and  connecting  at  the  bottom  served  to  show  the  hight 
of  water  in  both  the  outer  and  the  inner  tank.  It  was  planned 
to  maintain  the  "  ground-water  "  level  in  these  soils  at  differ- 
ent levels  and  determine  the  amounts  of  water  that  were  car- 
ried to  the  surface  by  capillarity  and  evaporated,  by  observing 
the  loss  of  weight  of  the  cans  at  proper  intervals.  Tempera- 
tures of  the  surface  soils  were  taken  daily,  and  the  humidity 
and  temperature  of  the  air  in  the  room  observed.  The  soil 
surface  was  maintained  so  far  as  possible  flush  with  the  top 
edge  of  the  tanks,  and  the  evaporation  at  the  surface  was  in- 
creased 'by  an  electric  fan,  which  ran  during  the  daylight 
hours. 

Frequent  rains  in  November  had  saturated  the  ground  with 
water  and  the  soils  in  the  tanks  were  wet  when  taken  to  the 
laboratory.  Some  time  was  necessary  to  evaporate  the  surplus 
water  and  the  early  measurements  were  consequently  unsatis- 
factory and  were  discarded.  When  the  weighing  experiments 
were  completed  with  the  "  ground-water  '*  surface  at  the  bot- 
tom of  the  tubes,  the  amount  of  moisture  remaining  in  the  soils 
was  determined.  These  experiments  have  been  in  charge  of 
Assistant  Engineer  James  L.  Davis,  who  has  been  advised 
throughout  the  work  by  Mr.  George  C.  Whipple,  Consulting 
Engineer,  who  has  worked  up  the  final  diagrams  of  results 
shown  on  Sheets  140  to  145,  inclusive,  Aces.  L  1018  to  L  1023, 
inclusive. 

These  diagrams  show  the  texture  of  the  soils  in  the  tanks, 
the  loss  of  water,  with  the  water  surface  at  various  depths 
below  the  surface  of  the  soil  and  the  moisture  content  at  the 
close  of  the  experiment.  The  amount  of  loss  from  the  tanks, 
taken  from  the  curves  of  these  diagrams,  is  shown  in  the  table 
on  page  539,  which  presents  the  following  facts : 

When  the  water  stood  one  foot  below  the  soil  surface,  the 


Tight. 
•ubba 


ring  frorhsporfation 
be  removed  during 


id  measorem&ifi  cf- 


Clevatioi 
in  out^r 
^hows  he, 
ground  \ 
soi/of  in 


or  plaf^ 


7  *foter  Jacket 


ton  ^oUiub9 
■Hig, 


cixht  wha. 


(MottoAcal*) 


}pproK,ZOOIbi. 


yab/e  ring  bottom 
r  ^dmimngwattr. 
'cai-ryihe  weight. 


Crty  of  NewYork 
BOARD   OF  WATER  SUPPLY 

LONG  ISLAND  SOURCES 

APPARATUS    FOR  TESTS 
on  CAFIU^ARV  ACTION 
SKETCH 
OCT.  33-1507. 


1     < 


CITY  or  Hov  YonK 
eauo  or  mirr/f  3Uf>n.y 

svrroLK  GOL/NTr  soil 

■    Doporafio/t  fh}m  Cuft/m^t/  Land 
fhffif/Tfy/  /abonrfory  exflenmenfs  ont4t//  A, 
k$  ofao//^vnfa  aS'mM  fitHa^ta  m//e 
v^norHi  Hff  of&iMbn  HUbft  en/he  saM 
brIlkSt  aia/Mogorak  «sb/  erBt/monef  i3e 


I.  MOWN   nHWim  k  BINOMS  CO. 


AGRICULTURAL  INTERESTS  539 

losses  from  the  tanks  which  had  a  soil  cover  amounted  to 
0.09  to  0.20  pound  per  day,  and  were  apparently  proportional 
to  the  fineness  as  well  as  the  entire  depth  of  the  soil  and  sub- 
soil. These  figures  agree  very  well  with  the  results  of  similar 
experiments  made  by  the  Burr-Hering-Freeman  Commission 
at  Floral  Park  in  1903.  (See  Report,  pages  766  to  768  and 
Plate  III  following  page  770.) 

When  the  water  was  two  feet  below  the  surface  of  the 
soils  in  Tanks  A-1,  A-2  and  C-1,  which  had  soil  layers  at  this 
depth,  the  losses  were  from  0.065  to  0.10  pound  per  day.  Where 
this  depth  of  water  surface  was  below  the  subsoil  in  the  two 
tanks,  B-1  and  C-2,  the  losses  were  only  0.02  to  0.05  pound. 
As  before,  the  losses  were,  in  general,  proportional  to  the  fine- 
ness and  depth  of  the  soil  and  subsoil.  This  was  also  true 
when  the  water  surface  was  three  feet  below  the  soil  surface. 

The  losses  of  moisture  when  the  water  surface  in  each  tank 
was  at  the  same  distance  below  the  fine  subsoil,  gives  a  better 
comparison  of  the  several  substrata. 


EVAPORATION  PROM  LONG  ISLAND  SOIL  IN  TANKS 
AT  VARICK  STREET  LABORATORY 


Tank  Number 


A-1       A-2         B-1         B-2         C-1         C-2 


Thickness  of  soil  and  subsoil  in  feet ...  .    2.8  2.1  1.5  0.0  2.0  1.3 

Effective  size  of  surface  soil 0.063      0.06        0.280      0.32        0.155      0.14 

sand  gravelly 

Effective  size  of  sand  below  subsoil ..  .    0.245      0.25        0.440      0.30        0.210      0.25 
Evaporation  in  pounds*  per  day  when 

water  was  1  foot  below  surface  and  in 

subsoil  layers 0.200      0.120      0.090      0.025      0.140      0.030 

Evaporation  in   pounds  per  day  when 

water   was   2   feet    below   surface;   in 

subsoil  layers  of  Tanks  A-1.  A-2   and 

C-2.  and  below  these  layers  in  others.     0.090      0.065      0.053      0.017      0.090      0.020 
Evaporation   in   pounds   per  day   when 

water  was  3  feet   below  surface  and 

below  all  subsoil  layers 0.048    0.045      0.035      0.012      0.048      0.012 

Evaporation  in  pounds  per  day  when 

water  was  1  foot  below  the  bottom  of 

subsoil 0.040      0.045      0.042    t0.023      0.048      0.016 

Evaporation  in  pounds  per  day   when 

water  was  2  feet  below  the  bottom  of 

subsoil 0.035      0.038      0.025    tO.017      0.020      0.010 


*Por  these  tanks,  six  inches  in  diameter,  a  loss  of  one  pound  of  water  per  day 
is  approximately  equivalent  to  one  inch  in  depth  of  water  daily  upon  the  surface  of 
the  tanks 

tLosses  at  one  and  two  feet,  respectively,  below  the  surface  of  the  sand  in 
the  tank 

Only  0.016  to  0.045  pound  per  day  was  lost  when  the  water 
surfaces  were  one  foot  below  the  subsoils  and  onlv  0.010  to 
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0.038  pound  per  day  when  the  water  surface  was  two  feet 
below. 

The  greater  losses  in  the  tanks  which  had  the  thicker  lay- 
ers of  soil  and  subsoil,  even  when  the  water  surface  was  in 
the  coarse  sand  two  feet  below  the  finer  material,  suggests 
that  some  of  this  loss  represented  the  evaporation  of  capillary 
and  hygroscopic  moisture  from  the  fine  surface  soils.  The 
amount  of  moisture  in  these  top-soils  at  the  close  of  the  ex- 
periments was  considerable  after  they  had  been  cut  off  from 
any  source  of  supply  for  a  month.  It  is  reasonable,  therefore, 
to  suppose  that  the  amount  of  moisture  that  was  carried  up- 
ward one  foot  by  surface  tension  in  the  coarse  substrata  was 
about  0.02  pound  rather  than  the  larger  values  that  appear  in 
the  Tanks  A-1,  A-2,  B-1  and  C-1  which  had  a  soil  cover,  and 
it  is  probable  that  the  amount  of  moisture  that  was  raised 
through  two  feet  of  these  coarse  sands  was  still  less.  Further 
experiments  of  longer  duration  on  tanks  of  greater  hight  seem 
desirable. 

The  amount  of  moisture  required  by  growing  crops  is  given 
by  Risler  as  follows: 


Consumption  of  Water 

Crop  in  Inches  per  Day 

Meadow  grass 0. 134  to  0.267 

Oats   0. 140  to  0. 193 

Indian  corn 0.110  to  0.157 

Clover    0.140  to   

Vineyard    0.035  to  0.031 

Wheat 0.106  to  0.110 

Rye   0.091  to   

Potatoes  0.038  to  0.055 

Oak  trees 0.038  to  0.035 

Fir  trees 0.020  to  0.043 


Evidently  an  amount  of  moisture  equivalent  to  the  prob- 
able rise  of  water  in  pounds  per  day  in  these  coarse  Long 
Island  sands,  through  even  one  foot  in  hight,  which  may  be 
placed  at  0.02  inch  in  depth,  is  insufficient  for  any  of  the  crops 
grown  on  Long  Island  and  hardly  enough  for  oak  and  fir 
trees. 
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The  fact  that  the  loss  of  moisture  was  but  little  less  when 
the  surface  of  saturation  was  two  feet  below  the  subsoil,  and 
the  uniformity  of  the  small  loss  in  Tank  B-2,  which  had  no 
soil  cover,  suggest  that  some  of  these  losses  may  have  been 
due  to  interior  evaporation  rather  than  to  capillary  rise  in  the 
coarse  sands. 

It  is  not  likely  that  the  roots  of  vegetation  can  obtain  any 
moisture  that  has  been  evaporated  from  a  water  surface  within 
the  sands  several  feet  below  the  subsoils,  because  the  tem- 
perature at  this  depth  would  be  lower  than  that  of  the  soils 
in  which  the  roots  lie,  and  the  moisture-laden  air  rising  to 
the  surface  would  increase  in  temperature,  and  no  moisture 
would  be  condensed  where  the  roots  could  reach  it.  Of  course, 
some  might  be  condensed  in  the  surface  layers  at  night,  but 
the  cooling  during  the  night  hours  does  not  extend  far  below 
the  surface.  More  water  would  probably  come  in  this  way  as 
dew  from  the  atmosphere  than  from  the  interior  sources. 

From  all  these  considerations  of  the  losses  of  moisture 
from  the  tanks  and  the  diagrams  showing  the  moisture  con- 
tent of  the  soils  at  the  end  of  the  experiments,  it  appears  that 
no  appreciable  amount  of  moisture  is  drawn  upward  by  capil- 
larity in  the  coarse  sands  that  underlie  the  Suffolk  County 
plains  soils  through  a  greater  distance  than  two  feet.  Even 
if  a  small  amount  of  moisture  is  raised  through  a  greater  dis- 
tance as  aqueous  vapor  by  air  within  the  soil  mass,  it  is  un- 
likely that  such  moisture  would  be  available  to  the  roots  of 
vegetation  in  the  soil. 

Conservation  of  Soil  Moisture 

It  has  been  mentioned  in  the  preceding  pages  that  the 
results  of  the  tank  experiments  on  the  Suffolk  County  soils 
indicated  that  the  finer  top-soils  retained  their  moisture  for 
many  weeks  after  they  were  cut  off  from  the  source  of  supply 
by  the  lowering  of  the  water-table.  The  amount  of  moisture 
that  may  be  retained  in  fine  top-soils  is  also  exhibited  in  Dia- 
gram 54  in  the  report  of  the  Burr-Hering-Freeman  Commis- 
sion, page  603.  Two  diagrams  recently  compiled  by  Mr. 
George  C.  Whipple,  from  unpublished  data  obtained  by  this 
commission  in  1903,  are  exhibited  on  Sheets  146  and  147,  Aces. 
L  682  and  L  683.  The  first  shows  that  the  loams  and  subsoils 
at  Floral  Park  and  Hempstead,  which  are  typical  of  the  bet- 
ter Long  Island  soils,  contained  five  to  seven  times  the  amount 
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of  moisture  that  existed  in  the  coarse  sands  and  gravel  be- 
neath. The  second  diagram  shows  the  retentiveness  of  these 
soils  during  a  portion  of  the  month  of  August,  1903.  No  rain- 
fall of  any  consequence  occurred  between  the  7th  and  the  25th, 
yet  there  was  nearly  as  much  moisture  in  the  soil  at  Floral 
Park  at  the  end  of  this  18th  day  period  as  in  the  beginning. 
The  soil  at  Rockville  Center  lost,  in  the  same  time,  about  one- 
third  of  its  moisture  content.  No  attempt  was  made  in  either 
case  to  prevent  the  loss  of  moisture  by  the  ordinary  methods 
of  cultivation. 

These  are  but  typical  of  the  moisture  conditions  in  the 
surface  strata  throughout  Long  Island,  where  there  is  a  soil 
covering  suitable  for  agricultural  purposes.  Without  the  res- 
ervoir of  moisture  that  exists  as  capillary  water  in  the  finer 
top-soils,  crops  could  not  be  grown  on  these  sandy  plains  where 
the  soil  is  over  two  or  three  feet  above  the  water-table,  unless 
it  rained  almost  constantly.  The  porous  leachy  soils  in  Suf- 
folk county  only  support  crops  when  they  are  made  finer  and 
more  retentive  of  moisture  by  turning  in  manure  or  other  or- 
ganic matter. 

Various  methods  of  conserving  moisture  in  the  soil  are 
familiar  to  the  farmer.  A  mulch  of  soil  is  created  by  loosen- 
ing up  the  earth  for  three  inches  or  more  in  depth,  and  some- 
times a  mulch  of  straw  or  manure  is  spread  on  the  surface 
of  the  ground  to  prevent  the  escape  of  the  moisture.  The 
mulch  rapidly  dries  out,  and  interposes,  between  the  soil  filled 
with  moisture  and  the  dry  air,  a  layer  that,  because  of  its  loose 
character  and  its  dryness,  prevents  the  rapid  movement  of  the 
moisture  through  it  to  the  surface. 

The  surface  of  the  soil  is  usually  cultivated  after  a  heavy 
rain  and  most  frequently  in  the  spring,  to  save  the  water  that 
has  entered  the  ground  during  the  winter.  Subsoiling  and 
deep  fall  ploughing  serve  the  same  purpose,  and  these  may  not 
only  conserve  but  increase  the  soil  moisture  by  making  the 
conditions  favorable  for  the  movement  of  moisture  from  other 
strata  toward  the  soil  in  which  the  roots  of  the  crops  are  feed- 
ing. Many  interesting  experiments  on  the  conservation  of  soil 
moisture  have  been  made  by  Prof.  F.  H.  King  at  the  Uni- 
versity of  Wisconsin,  which  are  described  in  his  "  Physics  of 
Agriculture." 

The  surface  soils  of  the  outwash  plains  in  Suffolk  county, 
as  well  as  those  in  western  Long  Island,  with  little  exception, 
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are  entirely  dependent  upon  the  moisture  that  they  retain  for 
the  growth  of  crops.  It  will  be  shown  that  on  only  a  very 
small  percentage  of  the  outwash  plains  is  the  surface  of  satura- 
tion in  the  substrata  sufficiently  near  the  surface  soils  to  sup- 
ply the  growing  crops  with  moisture.  The  possibilities  of  even 
the  coarse  open  soils  of  the  Suffolk  County  scrub  oak  barrens 
to  retain  the  moisture  needed  for  all  varieties  of  crops,  were 
demonstrated  last  year  by  Mr.  H.  B.  FuUerton  of  the  Long 
Island  railroad,  at  Medford,  on  the  Main  line  of  the  Long 
Island  railroad. 

Several  acres  of  land  were  purchased  within  the  area  desig- 
nated by  the  Bureau  of  Soils  as  Sassafras  gravelly  loam.  This 
was  cleared  of  the  scrub  oak  forest;  wood  ashes  were  added 
to  make  the  soil  alkaline  and  the  natural  humus  and  some 
stable  manure  were  turned  in.  The  water-table  is  40  feet  be- 
low the  ground  surface  of  this  experimental  farm,  and  moisture 
could  not  possibly  have  reached  the  surface  from  such  a  depth ; 
yet,  with  this  preliminary  treatment,  and  by  means  of  ap- 
proved methods  of  cultivation  or  "  dry  farming "  during  the 
growing  season,  splendid  crops  of  vegetables  of  all  varieties 
were  grown  without  other  moisture  than  fell  on  the  surface. 
The  rainfall  in  Suffolk  county,  during  the  summer  of  1907, 
was  not  large  and  that  for  the  whole  year  was  slightly  below 
the  normal.  Vegetable  crops  failed  on  farms  near  this  ex- 
periment station  where  the  soils  were  not  properly  cultivated, 
to  retain  the  summer  rains.  The  success  of  the  Medford  sta- 
tion can  be  repeated  elsewhere  in  Suffolk  county,  where  the 
soils  are  equally  good,  regardless  of  the  hight  of  the  surface 
above  the  ground-water. 

EXTENT   OF   SUFFOLK   COUNTY   AGRICULTURAL 

INTERESTS 

The  areas  under  cultivation  within  the  catchment  area  of 
the  proposed  Suffolk  County  supply  are  shown  on  Sheet  149, 
Ace.  5334,  which  exhibits  the  character  of  the  surface  vegeta- 
tion on  this  area,  the  location  of  the  larger  villages  and  the 
relation  of  these  and  the  cultivated  areas  to  the  line  of  the 
proposed  collecting  works. 

The  relative  areas  under  cultivation,  in  pasture,  sproutland, 
woodland,  meadow  of  fresh  marsh  and  salt  marsh,  are  given 
in  the  table  following.     Only  30,000  acres,  or  15  per  cent,  of 
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the  entire  catchment  area  of  332  square  miles,  is  cultivated, 
and  some  of  this  is  unprofitable  grass  land.  The  character 
of  the  crops  on  these  cultivated  lands  in  1907  is  shown  by  the 
small  letters  on  this  map.  Where  no  letters  are  shown,  hay 
crops  were  grown.  As  already  stated,  a  larger  percentage  of 
the  moraines  is  under  cultivation  than  the  outwash  plains.  One- 
quarter  of  the  moraine  surface  within  the  southerly  Suffolk 
County  catchment  is  under  cultivation,  whereas  only  15,000 
acres,  or  11  per  cent,  of  the  outwash  plains,  are  devoted  to 
agricultural  uses. 

SURFACE  CHARACTER  OF  SUFFOLK  COUNTY  WATERSHEDS 


Ground-water 

Ground-water 

Total 

Catchment  of 

THE 

Catchment 

Ground-water 

Southern  Suffolk 

OF  THE 

Catchment 

Character                    County  Sources 

Pbconic 

OF  the  Pro- 

OF Surface              .  -    ... 

. 

Valley 

posed  SUF- 

Outwash 

Mo- 

Sources 

FOLK  County 

Plains 

raines 

Total 

Total 

Sources 

Cultivated 

Area  in  square  miles.  . . 

23.93 

20.55 

44.48 

4.63 

49.11 

PercentaRe  of  total .  .  . 

11.3 

25.1 

16.14 

12.18 

14.81 

Pasture 

Area  in  square  miles .  . 

1.50 

3.16 

4.66 

0.07 

4.73 

Percentage  of  total .  .  . 

0.7 

3.8 

1.69 

0.19 

1.42 

Sproutland 

Area  in  square  miles .  . 

.  .     123.20 

29.60 

1    2.70 

11.02 

163.72 

Percentage  of  total .  .  . 

68.4 

36.1 

'      2.00 

29.02 

49.38 

Woodland 

Area  in  square  miles .  . 

57.17 

28.16 

85.33 

19.13 

104.46 

Percentage  of  total .  .  . 

26.8 

34.4 

29.06 

50.37 

31.48 

Fresh  Marsh 

Area  in  square  miles .  . 

5.86 

0.49 

6.35 

3.13 

9.48 

Percentage  of  total .  .  . 

2.73 

0.6 

2.16 

8.24 

2.86 

Salt  Marsh 

Area  in  square  miles .  . 

0.16 

0.00 

0.16 

0.00 

0.16 

•    Percentage  of  total .  .  . 

0.07 

0.00 

0.05 

0.00 

0.06 

Total  square  miles 

.    111.8S 

81.80 

808.08 

87.98 

881.88 

Per  cent,  of  total 

. .    100.00 

100.00 

100.00 

100.00 

100.00 

Much  of  this  cultivated  land  in  southern  Suffolk  county 
is,  furthermore,  far  from  the  line  of  the  proposed  south  shore 
collecting  works.  Only  about  9,000  acres,  or  30  per  cent,  of 
this  cultivated  land,  is  within  a  distance  of  one  mile  of  the 
proposed  works. 

Effect  of  Operation  of  Works  on  Well  Supply 

There  can  be  no  doubt  that  the  water  surface  in  wells 
within  a  few  hundred  feet  of  the  proposed  collecting  works 
would,  by  their  operation,  be  lowered  several  feet;  but  most 
of  this  depression  of  the  ground-water  table  would  take  place 
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within  the  1000-foot  right-of-way  that  it  is  proposed  to  pur- 
chase. The  lowering  of  the  water  in  any  wells  outside  of  this 
right-of-way  would  not  be  much  greater  than  the  normal 
fluctuation  in  the  water-table  that  takes  place  in  the  course 
of  years  through  the  variation  in  the  amount  of  rainfall.  The 
additional  lift  in  such  wells  that  might  at  times  be  necessary 
because  of  the  pumping  of  the  proposed  works  would  not  be 
sufficient  to  cause  much  annoyance.  Water  for  all  purposes 
could  be  drawn  as  readily  after  the  works  were  in  operation 
as  before.  The  proposed  location  is,  in  general,  so  far  back 
from  the  villages  and  farms  along  the  south  shore  and  in  the 
Peconic  valley  that  but  few  domestic  wells  would  be  seriously 
affected. 

Effect  of  Proposed  Works  on  Soil  Moisture 

The  dotted  lines  on  the  map,  Sheet  149,  Ace.  5334,  are 
lines  of  equal  depth  of  the  water-table,  or  the  surface  of  satura- 
tion below  the  ground  surface.  It  is  evident  that  on  the  whole 
length  of  the  line  in  southern  Suffolk  county  the  ground  sur- 
face is  generally  over  5  feet,  and  seldom  less  than  10  feet  above 
the  ground- water  surface,  except  within  the  valleys  of  the  larger 
streams.  The  experiments  on  soil  moisture  have  shown  that 
only  within  the  areas  enclosed  by  the  lines  of  five  feet  depth 
of  ground-water  where  the  water-table  is  less  than  five  feet 
from  the  surface,  would  the  lowering  of  the  ground-water 
through  the  pumping  on  the  proposed  line  possibly  decrease 
the  amount  of  moisture  in  the  soil.  Outside  of  the  5-foot  lines 
on  the  map  where  the  ground  surface  is  more  than  this  hight 
above  the  water-table,  the  amount  of  moisture  in  the  surface 
soils  is  independent  of  the  movement  of  the  ground-water. 
All  vegetation  in  the  soils  where  the  surface  is  more  than 
five  feet  above  the  ground-water,  secure  only  the  water  from 
the  rains  that  the  soils  are  able  to  retain  as  it  passes  down  to 
the  deep  water  bearing  strata. 

The  total  area  of  surface  of  the  whole  Suffolk  County 
catchment  area,  within  which  the  ground-water  is  less  than 
five  feet  below  the  ground  surface,  is  only  15,000  acres,  or 
seven  per  cent,  of  the  whole  area  of  212,000  acres,  or  332 
square  miles;  and  in  the  catchment  of  the  southern  Suffolk 
County  sources,  but  little  more  than  five  per  cent,  of  the  sur- 
face is  within  this  hight  above  the  ground-water  as  follows : 
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Watershed 


Catchment  Area, 
Less  Than 
Total  6  Feet  Above 

Area  Ground-water 

Surface 


Southern  Suffolk  County  sources 

Area  in  square  miles 

Per  cent,  of  whole 

Peconic  Valley  sources 

Area  in  square  miles 

Per  cent,  of  whole 

Total  catchment  area  in  square  miles . 
Per  cent,  of  whole 


293.7 

•  ■  •  • 

38.0 

•  •   ■   ■ 

M1.7 

•  •   •   • 


15.32 
5.20 

7.02 
20.90 

tS.S4 

7.00 


The  vegetation  supported  by  the  soils  on  93  per  cent,  of 
the  entire  catchment  area  obtains  no  moisture  from  the  water- 
table  below  them.  Not  all  of  the  small  area  in  which  the 
water-table  is  less  than  five  feet  below  the  surface  would  be 
affected  by  the  proposed  ground-water  collecting  works,  be- 
cause the  ground-water  surface  would  not,  at  any  time,  be 
greatly  depressed  beyond  a  distance  of  one  mile  from  the 
collecting  works. 

Within  a  belt  one  mile  either  side  of  the  collecting  works 
in  southern  Suffolk  county,  only  8000  acres,  or  4.3  per  cent, 
of  the  surface  of  the  entire  catchment  area,  would  be  within 
five  feet  of  the  ground- water,  and  the  moisture  of  the  soils 
in  only  this  small  portion  of  the  watershed  would  be  effected. 
This  area,  however,  includes  about  3000  acres  of  meadow  and 
marsh  land  in  the  bottom  of  the  valleys,  now  worthless  for 
agriculture,  that  could  be  cultivated  if  the  water  were  depressed 
below  the  top-soils,  so  that  only  5000  acres,  or  2.7  per  cent  of 
the  entire  catchment  area  in  southern  Suffolk  county  could 
be  effected  injuriously  by  the  proposed  collecting  works,  and 
3000  acres  of  marsh  land,  or  1.6  per  cent.,  would,  at  the  same 
time,  be  improved.  The  land  on  which  the  soil  moisture  would 
be  decreased  by  the  operation  of  the  proposed  works  is  not 
by  any  means  occupied  by  farms  at  this  time.  Only  750  acres, 
or  0.4  per  cent,  of  the  watershed,  could  possibly  be  injured 
now. 

About  2100  acres,  or  8.7  per  cent,  of  the  surface  within  a 
mile  of  the  Peconic  Valley  collecting  works  is  within  five  feet 
of  the  ground-water,  and  of  this  area  about  1000  acres  is  in 
swamp  and  water  surface,  and  only  100  acres,  or  0.4  per  cent, 
of  the  catchment  area  of  38  square  miles,  is  under  cultivation. 

The  branch  lines  in  the  interior  valleys  would  be  operated 
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only  at  intervals  of  several  years,  when  the  rainfall  was  de- 
ficient, and  the  small  areas  of  low  ground  in  the  narrow  val- 
leys, in  which  the  soil  moisture,  on  rare  occasions,  might  be 
diminished,  have  not  been  considered. 

The  total  area  within  the  entire  Suffolk  County  catchment 
area  of  332  square  miles,  or  212,000  acres,  in  which  the  sur- 
face soil  is  less  than  five  feet  from  the  ground-water  and  within 
a  mile  of  the  main  collecting  works,  is  only  10,100  acres,  or 
4.8  per  cent,  of  the  whole,  and  this  includes  about  4000  acres 
of  water  surface  and  swamps  that  would  be  benefited  by  any 
lowering  of  the  ground-water  surface.  Of  the  remaining 
6100  acres,  or  2.9  per  cent,  of  the  catchment  area,  it  is  esti- 
mated that  only  850  acres,  or  0.4  per  cent,  of  the  whole  water- 
shed is  now  under  cultivation  and  might  be  damaged  by  the 
proposed  works. 

Even  in  the  areas  where  the  surface  moisture  in  the  soil 
would  be  decreased  by  lowering  the  water-table,  the  land  would 
be  no  less  valuable  for  most  crops.  Perhaps  some  vegetables 
that  require  a  great  deal  of  water  could  not  profitably  be 
raised  there;  but  other  crops,  equally  valuable,  could  be  cul- 
tivated. 

The  general  truth  of  the  above  deductions,  that  no  dam- 
age would  result  where  the  ground  is  far  above  the  water- 
table,  is  well  shown  on  Sheet  152,  Ace.  L  692.  All  the  dam- 
age cases  that  have  been  brought  against  The  City,  in  Queens 
and  Nassau  counties,  for  lowering  the  ground-water,  have  been 
located  on  low  lands  near  the  driven-well  stations  and  in  the 
valleys  of  the  streams.  The  vast  acres  of  profitable  truck 
farms  in  western  Long  Island  within  half  a  mile  of  the  Brook- 
lyn ground- water  works  that  have  suflFered  no  injury  whatever 
from  the  lowering  of  the  ground-water,  is  sufficient  refutation 
of  the  objections  of  the  SuflFolk  County  agricultural  interests 
to  the  diversion  of  the  proposed  ground-water  supply. 
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LOCAL  USES  OF  WATER  IN  SUFFOLK  COUNTY 

BY    WALTER    E.    SPEAR^    DIVISION    ENGINEER 

In  diverting  the  ground-waters  of  Suffolk  county,  New 
York  City  must  recognize  the  priority  of  right  of  this  county 
to  all  water  that  is  required  there  for  local  uses.  Water  is 
now  used  in  Suffolk  county  for  domestic  supply,  street  and 
lawn  sprinkling,  various  small  manufacturing  uses,  steam- 
power,  wash  water,  etc.,  and  the  flows  of  many  streams  are 
still  utilized  for  water-power.  It  is  estimated  that  the  total 
amount  of  water  now  developed  within  the  proposed  Suffolk 
County  watersheds  is  as  follows: 

Million  Gallons 
per  Day 

Public  water-supplies  (maximum  ground- water  pump- 
age  of  local  water-works  in  summer  months) ...     5 

Steam-power,  wash  water,  and  other  small  commer- 
cial uses  (surface  and  ground-waters  from  private 
plants)   1 

Water-power  (average  flow  of  streams  that  may  be 
utilized)   80 

Total  amount  used 86 


The  water  now  used  for  public  supply,  steam-power,  wash 
water,  and  similar  commercial  uses,  could  not  be  diverted  with- 
out seriously  interfering  with  the  health  and  prosperity  of 
these  Suffolk  County  towns,  and  these  waters  would  neces- 
sarily be  supplied  by  New  York  City  should  the  operation  of 
the  proposed  collecting  works  interfere  with  the  present  sources 
of  supply.  It  does  not  appear  at  all  necessary,  however,  to 
replace  in  the  streams  any  surface-water  that  is  now  used 
for  water-power.  The  falls  at  these  water-power  plants  are 
low,  and  the  entire  amount  of  power  developed  is  insignificant. 
This  power  could,  at  small  expense,  be  replaced  by  steam- 
power  or  perhaps  by  electric  power  from  the  central  power- 
station  of  the  proposed  collecting  works. 
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PUBLIC  WATER-SUPPLIES 

As  ground-water  exists  everywhere  in  the  gravels  beneath 
the  surface  in  Suffolk  county,  abundant  supplies  of  water  for 
domestic  uses  and  irrigation  have  been  easily  obtained  by  sink- 
ing a  well  a  short  distance  into  the  ground.  Much  of  the 
population  within  the  proposed  watersheds,  probably  over  50 
per  cent,  is  still  supplied  by  small  driven  or  dug  wells  near 
their  dwellings  and  farm  buildings.  There  are  no  sewerage 
systems  in  the  Suffolk  County  villages  and  the  disposal  of 
sewage  and  household  wastes  in  the  ground  has  made  the  wa- 
ters within  the  villages  unfit  for  use,  and  the  larger  villages 
are  supplied  by  local  water-works. 

Public  water-supplies  have  been  established  within  the  pro- 
posed catchment  area,  through  private  enterprise,  at  Amity- 
ville,  Babylon,  Bayshore,  Patchogue,  Quogue  and  Riverhead. 
The  ownership  of  these  plants,  their  yield,  and  the  villages 
supplied  from  each  station  are  shown  in  the  following  table: 

SUFFOLK  COUNTY  WATER-WORKS 


Location 
OF  Station 


Owner 
OF  Works 


Villages  Served 


pumpagb  in 
Gallons  Per  Day 

. -* _» 

Maximum      Minimum 


Amity  ville. 
Babylon. . . 
Bayshore.  . 
Patchogue. 
Quogue. . . 


Amityville   Water 

Company Amityville 170,000 

Sumpwams  Water 

Company Babylon 380,000 

Great  South  Bay  Bayshore,    Islip    and    East 

Water  Company.       Islip 2,000,000 

Great  South   Bay  Patchogue.  Blue  Point.  Bay- 
Water  Company.       port  and  Sayville 1,564.000 

Quantuck     Water  Quogue.  East  Ou<>K"c.  West- 
Company hamptun  and  Westhamp- 

ton  beach 900,000 

Riverhead    Water 
Works  Company.  Riverhead 10,000 


Riverhead. 

Total 6,114.000 


40.000 
160.000 
600.000 
900,000 

20,000 

10.000 

IJSO.OOO 


Description  of  Water- Works 

The  above  plants  are  briefly  described  in  the  following 
pages,  and  photographs  of  the  larger  plants  follow  this  ap- 
pendix.    (Plates  19  to  22,  inclusive.) 


AMITYVILLE 


The  water-works  system  in  Amityville  was  built  in  1893 
by  the  Amityville  Water  Company,  and  has  since  been  extended 
from  time  to  time  to  keep  pace  with  the  population. 
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The  pumping-plant  of  these  works  is  located  in  the  base- 
ment of  a  brick  building  owned  by  the  Electric  Light  Company. 
The  plant  comprises  two  half -million-gallon  Knowles  com- 
pound duplex,  non-condensing  pumps  usually  run  at  80  per 
cent,  of  rated  piston  speed.  The  pumps  are  run  by  steam  fur- 
nished by  the  Electric  Light  Company,  and  the  pumping  is 
usually  done  at  night  while  the  lighting  plant  is  in  operation, 
the  same  force  running  both  plants.  The  boilers  operating 
the  two  plants  are  two  E.  P.  Hampson  &  Co.  horizontal  return 
tubular  boilers  of  85  H.P.  each  and  one  new  150-H.P.  boiler 
of  same  pattern  made  by  McEwen  Bros,  of  New  York. 

The  force  employed  on  the  pumping  and  lighting  plants 
consists  of  a  chief  engineer,  one  assistant  engineer  and  one 
fireman.  The  two  companies,  while  not  identical,  are  com- 
posed largely  of  the  same  stockholders. 

The  supply  is  taken  from  two  6-inch  driven  wells  40  feet 
deep,  whose  yield  is  but  little  in  excess  of  the  demand,  and  is 
pumped  to  a  standpipe  20  feet  by  125  feet  of  293,000  gallons 
capacity,  located  near  the  pumping-station.  The  maximum 
pumpage  of  this  plant  in  summer  is  about  170,000  gallons, 
while  in  winter  the  minimum  is  about  40,000  gallons  per  day. 
The  population  of  Amityville  in  the  summer  is  said  to  be  about 
3,000  and  in  winter  2,500. 

The  fire  service  is  provided  through  52  double  nozzle  hy- 
drants, 5  of  which  are  old  Holly  hydrants,  6  Glamorgan, 
and  41  Eddy.  The  distribution  system  is  now  7.57  miles  long, 
including  all  extensions  to  date.  The  private  service  comprises 
about  200  consumers,  some  of  whom  use  the  water  only  dur- 
ing the  summer  months.  Water  is  also  furnished  for  street 
sprinkling  for  a  nominal  consideration. 

BABYLON 

The  water- works  at  Babylon  were  built  in  1893  for  the 
Sumpwams  Water  Company.  The  supply  is  obtained  from 
driven  wells,  two  8-inch  driven  in  1893,  two  in  1898  and  two 
later,  making  six  in  all. 

The  station,  which  is  located  in  the  northeasterly  portion 
of  the  village  on  Smith  street,  800  feet  north  of  the  railroad, 
was  constructed  on  the  Acme  system,  patented  by  W.  E. 
Worthen  and  was  built  by  Oscar  Darling.  The  pumping-plant 
consists  of  one  12-inch  by  18^/2 -inch  by  10^ -inch  by  10-inch, 
and  one  8-inch  by  12-inch  by  7-inch  by  10-inch  Worthington 


LOCAL    USES   OF    WATER  553 

compound  duplex  engine,  with  a  total  capacity  of  2,000,000 
gallons  per  day.  The  air-compressors  in  the  engine  room,  one 
93^ -inch  by  8-inch  by  8-inch  duplex  and  one  7-inch  by  6-inch 
by  7-inch  duplex,  provide  pressure  in  the  system  when  the 
pumps  are  not  working.  Normally,  the  air  pressure  is  carried 
at  110  pounds  and  water  pressure  at  45  pounds.  Regulators 
are  provided  so  that  by  the  addition  of  weight  to  levers  air 
pressure  may  be  increased  on  storage  tanks,  and  the  normal 
water  pressure  increased  for  fire  service.  Steam  is  provided 
by  two  horizontal  return  tubular  boilers  of  80  H.P.,  each  built 
'by  the  Ames  Iron  Works  Co.  with  brick  stack  and  feed  water 
heater. 

The  storage  system  consists  of  two  vertical  water-tanks 
and  two  horizontal  tanks  resting  on  the  ground  and  housed  in 
a  building  adjoining  the  engine  room.  Two  compressed  air 
tanks,  17  inches  by  18  feet,  are  also  in  this  building  and  act 
as  receivers  for  air-compressors. 

The  distribution  system  comprises  eight  miles  of  mains 
with  50  hydrants  for  fire  service.  The  population  of  Babylon 
is  estimated  to  be  in  summer  4,000  and  in  winter  2,500.  The 
maximum  pumpage  of  these  works  is  estimated  to  be  in  sum- 
mer 380,000  gallons,  and  the  minimum  in  winter  160,000  gal- 
lons. Private  service  includes  about  350  consumers,  some  of 
whom  use  water  only  during  the  summer  months. 

BAYSHORE 

The  water-works  system  in  Bayshore,  which  is  owned  by 
the  Great  South  Bay  Water  Company  was  built  in  1889-90  in 
Bayshore,  and  afterward  extended  to  Islip  and  East  Islip.  The 
supply  is  taken  from  twenty  5 -inch  driven  wells  on  Fifth  ave- 
nue about  a  mile  north  of  the  village.  The  supply  was  for- 
merly taken  from  driven  wells  on  low  ground  on  the  north 
side  of  the  main  street  of  the  village,  but  was  so  impregnated 
with  iron  or  manganese  that  this  site  was  abandoned  for  the 
present  one. 

The  pumping-plant  at  this  station,  which  is  a  small  frame 
structure,  consists  of  a  pair  of  2,500,000-gallon  compound 
duplex  Knowles  pumps,  formerly  used  in  the  old  station. 
Steam  is  supplied  by  one  40-H.P.  Hodge  boiler,  and  one  new 
100-H.P.  Erie  City  boiler,  t)oth  of  the  return  tubular  type. 
The  small  boiler  is  soon  to  be  removed  and  replaced  with  a 
larger  one.     Both  pumps  are  condensing,  using  a  jet  con- 
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denser,  placed  between  the  two  engines.  The  force  employed 
consists  of  one  engineer  and  one  fireman,  besides  the  superin- 
tendent, whose  time  is  divided  between  this  plant  and  that  at 
Patchogue. 

The  supply  is  pumped  to  a  stand-pipe,  20  feet  by  150  feet, 
with  a  capacity  of  350,000  gallons,  near  the  old  station. 

The  distribution  system  comprises  about  16  miles  of  mains, 
and  is  extended  through  Bay  shore,  I  slip  and  East  Islip.  The 
population  of  the  villages  served  by  this  system  is  estimated  to 
be  as  follows: 


Bayshore    4,000 

Islip  1,500 

East' Islip    1,000 

Total  estimated  population 6,500 


The  maximum  pumpage  of  this  station  in  summer  is  about 
2,000,000  gallons,  and  the  minimum  in  winter  about  600,000 
gallons.  Fire  service  is  provided  through  148  hydrants  of  the 
double  nozzle  type,  placed  as  follows:  In  Bayshore  84,  Islip 
and  East  Islip  64  hydrants.  The  private  service  comprises 
about  700  taps. 

PATCHOGUE 

The  water-works  in  Patchogue  are  also  owned  by  the  Great 
South  Bay  Water  Company,  and  were  built  in  1867  in 
Patchogue,  and  later  extended  to  the  villages  of  Blue  Point, 
Bayport  and  Sayville.  Supply  is  obtained  from  driven  wells 
at  the  pumping-station,  situated  near  the  west  end  of  the  vil- 
lage, and  600  feet  south  of  the  South  Country  road  near  the 
outlet  of  the  West  lake.  The  supply  is  now  being  augmented 
by  the  addition  of  six  10-inch  wells,  which  are  -being  sunk  by 
the  Hudson  Engineering  Company. 

The  original  Holley  pump  at  this  station  has  been  removed, 
and  a  new  2,500,000-gallon  Worthington  compound  duplex 
pump  installed  in  its  place.  The  old  2,500,000-gallon  Worth- 
ington of  similar  pattern  is  still  in  use,  giving  a  total  pumping 
capacity  of  5,000,000  gallons  per  day.  Steam  will  be  fur- 
nished bv  a  new  Babcock  and  Wilcox  tubular  boiler,  which 
is  now  being  installed,  after  which  the  old  boiler  now  in  use 
is  to  be  removed.     The  force  employed  consists  of  one  en- 
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gineer  and  a  fireman  only,  there  being  no  outside  men  em- 
ployed except  as  special  occasion  may  require.  This  plant  is  in 
a  brick  building  somewhat  too  small  for  the  plant  to  be  oper- 
ated and  is  equipped  with  a  brick  stack. 

The  water  is  pumped  to  a  stand-pipe  115  feet  high,  with 
a  capacity  of  270,000  gallons.  This  pipe  was  originally  100 
feet  high  and  recently  15  feet  more  were  added. 

The  company  has  recently  purchased  additional  real  estate, 
including  about  20  acres  about  the  West  lake,  and  six  acres 
south  of  the  South  Country  road,  giving  them  probably  about 
30  acres  in  all,  which  will  thoroughly  protect  the  supply. 

The  distribution  system  comprises  the  greater  part  of 
Patchogue,  Blue  Point,  Bayport,  Sayville,  and  West  Sayville, 
with  19  miles  of  mains.  The  population  of  the  villages  served 
by  this  system  is  estimated  as  follows: 


Patchogue    5,000 

Blue  Point  500 

Bayport 800 

Sayville  and  West  Sayville 2,500 

Total  estimated  population 8,800 


The  maximum  pumpage  of  these  works  has  been  1,564,000 
gallons  per  day  in  the  summer,  while  the  minimum,  in  winter, 
is  900,000  gallons.  Fire  service  is  provided  by  means  of  165 
double  nozzle  hydrants  located  as  follows :  Patchogue  64,  Blue 
Point  26,  Sayville  and  Bayport  75  hydrants.  The  private  serv- 
ice comprises  750  taps,  of  which  450  are  in  the  village  of 
Patchogue. 

QUOGUE 

The  works  in  Quogue  were  built  in  1903  for  the  Quantuck 
Water  Company,  by  L.  J.  Richardson  of  Oswego,  New  York. 
They  are  owned  by  local  residents. 

The  supply  is  obtained  from  driven  wells  located  on  the 
west  side  of  Quantuck  creek,  about  1800  feet  north  of  the 
South  Country  road.  These  wells,  eight  inches  in  diameter 
and  six  in  number,  were  put  in  when  the  works  were  built,  and 
two  additional  5-inch  wells  have  since  been  sunk  and  con- 
nected. Depth  of  wells  is  said  to  be  40  feet.  The  pumping- 
plant  consists  of  a  pair  of  Rumsey  double  acting  triplex  power 
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pumps,  driven  by  a  pair  of  40-H.P.  Olin  gas  engines;  also  a 
smaller  Rumsey  triplex  power  pump,  driven  by  a  separate  gas 
engine  and  used  during  the  winter  months  when  the  pumpage 
is  small.  The  capacity  of  the  larger  pumps  is  762  gallons  each 
per  minute,  while  that  of  the  small  one  is  175  gallons  per 
minute.  The  total  daily  capacity  of  the  larger  pumps  is  about 
2,000,000  gallons  per  day.  The  pumping-station  is  a  brick 
building  about  26  feet  by  60  feet  with  concrete  floor.  The 
company  employs  one  man  as  engineer  and  superintendent,  who 
lives  in  a  house  adjoining  the  plant. 

The  supply  is  pumped  to  a  stand-pipe  located  near  the 
pumping-station,  and  the  stand-pipe,  20  feet  by  100  feet,  has 
a  capacity  of  235,000  gallons. 

The  population  of  the  villages  served  by  this  plant  is  es- 
timated to  be  as  follows: 


In  Summer    In  Winter 


guogue 2.000  400 

ast  Quogue 1.800  600 

West  Hampton 1.500  400 

West  Hampton  beach 2,000  600 

1* otal  estimated 7,800  1,800 


The  system  comprises  16  miles  of  mains,  covering  the  set- 
tled portions  of  the  above  villages.  The  maximum  pumpage 
in  summer  is  estimated  to  be  900,000  gallons  and  the  minimum 
in  winter  as  low  as  20,000  gallons. 

Fire  service  is  provided  through  double  nozzle  fire  hydrants 
124  in  number,  99  of  which  are  in  use.  The  25  hydrants  in 
East  Quogue  are  not  used,  there  being  no  fire  district  estab- 
lished there.  The  private  service  includes  about  300  consum- 
ers, some  of  whom  have  as  many  as  five  taps  in  the  mains. 
The  population  served  is  mostly  summer  residents  and  their 
houses  are  closed  during  eight  months  of  the  year,  so  that 
the  service  in  the  winter  amounts  to  very  little. 

RIVER  HEAD 

The  water-works  system  in  Riverhead  was  built  by  C.  A. 
Lockwood  of  Jamaica  in  1892,  for  the  Riverhead  Water  Works 
Company.  The  supply  is  taken  from  driven  wells,  one  6  inches 
in  diameter,  305  feet  deep,  and  one  8  inches  in  diameter, 
225  feet  deep,  and  is  pumped  to  a  wooden  tank  at  the  top  of 
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the  "  Tower  "  mill  on  Peconic  avenue.  The  capacity  of  this 
tank  is  rated  at  40,000  gallons.  The  supply  is  pumped  by  a 
250,000-gallon  Knowles  pump  located  in  the  mill,  and  operated 
by  water-power  when  power  is  available,  and  at  other  times  by 
either  or  both  of  the  two  gas  engines  there.  The  water-power 
is  variable,  owing  to  the  tide  backing  up  on  the  wheels.  There 
is  no  regular  force  employed;  the  pumps  are  run  by  one  of 
the  mill  hands. 

The  population  of  Riverhead  is  estimated  to  be  about  3,000 
at  the  present  time,  and  is  not  subject  to  much  fluctuation  be- 
tween summer  and  winter.  The  distribution  system  comprises 
about  four  miles  of  mains  and  the  private  service  is  about  150 
consumers.  Fire  service  is  provided  through  12  old  HoUey 
hydrants  set  on  the  streets,  and  2  Corey  hydrants  for  pri- 
vate use. 

Substitution    of    Local   Supplies   by   Water   from    the 

Proposed  Aqueduct 

The  waters  from  these  local  stations  are  quite  satisfactory 
in  quality,  although  some  of  them  are  higher  in  dissolved  min- 
eral matter  than  is  desirable.  The  supply  from  the  proposed 
Suffolk  County  works  would  be  better  in  quality  than  any  of 
these  supplies,  and  would  always  be  more  thoroughly  protected 
from  pollution.  Should  the  proposed  diversion  of  the  Suffolk 
County  ground-waters  to  New  York  City  deprive  any  of  these 
local  works  of  their  present  sources  of  supply,  it  would  not 
be  expensive  to  re-locate  the  present  pumping-stations  on  the 
proposed  line  of  collecting  works  so  that  water  from  the  aque- 
duct would  flow  directly  to  the  pump-wells,  and  be  delivered 
by  the  local  stations  under  pressure  to  the  distribution  sys- 
tems. The  water  could  be  supplied  to  these  towns  at  the  cost 
of  its  development. 

Probable  Future  Consumption  of  Suffolk  County 

The  consumption  of  the  villages  now  being  served  with  a 
public  water-supply  is  seen  to  be  at  a  maximum,  5.1  million 
gallons  per  day,  and  does  not  average  over  three  million  gal- 
lons daily.  The  consumption  of  water  in  the  districts  served 
by  these  local  water-works  will  increase,  however,  Sn  the 
future,  and  a  larger  amount  of  water  than  the  above  must  be 
supplied  at  the  end  of,  let  us  say,  50  years. 
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At  present  the  population  within  and  south  of  the  water- 
shed is  about  39,000,  hut  this  includes  the  communities  in 
central  Suffolk  county  whose  water-supply  would  in  no  wise 
be  interfered  with  by  the  proposed  collecting  works.  Prob- 
ably not  over  30,000  people  are  resident  within  the  areas  sup- 
plied by  the  present  local  water- works.  Sheet  150,  Ace.  L  619, 
shows  the  present  and  probable  future  population  of  Suffolk 
county.  It  appears  reasonable  to  estimate  that  in  50  years, 
the  population  within  the  watershed  that  it  would  be  neces- 
sary to  supply,  would  not  exceed  100,000,  and  at  the  largest 
probable  per  capita  consumption,  including  water  for  all  pub- 
lic, domestic  and  manufacturing  uses,  this  population  would 
not  consume  over  IS  to  20  million  gallons  at  the  end  of  50  years. 
This  amount  of  water  is  insignificant  in  a  total  supply  of 
250  million  gallons  per  day  and  considering  the  conservative 
estimate  of  yield  that  has  been  accepted  for  the  Suffolk  County 
watersheds,  the  reservation  of  15  or  20  million  gallons  per 
day  should  not  decrease  the  net  supply  that  can  be  delivered 
to  New  York  City  when  as  large  a  supply  as  this  is  required. 

WATER  FOR  MANUFACTURING  PURPOSES 

A  small  amount  of  water  for  various  commercial  purposes 
is  supplied  from  private  sources  in  Suffolk  county,  and  is  not 
included  in  the  consumption  of  the  public  water-works. 

The  principal  users  of  water  for  industrial  purposes  arc 
as  follows: 


Gallons  per  da)' 

Patchogue  Manufacturing  Company;    bleaching  lace 

curtains   500,000 

Patchogue  Manufacturing  Company;  seven  150-H.P. 

boilers .' 25,000 

Hygeia  Ice  Company   (6  months),  Patchogue 50,000 

Patchogue  Electric  Light  Company,  boilers 12,500 

E.  Bailey  &  Sons  (Lumber),  boilers,  Patchogue. . . .  15,000 

Hallett  Brothers,  flour  mill,  Riverhead 15,000 

Hygeia  Ice  Company,  Sayville,  C.  M.  Rogers  &  Co. . .  10,000 
Estimated  for  electric  light  companies  in  south  shore 

towns,  Patchogue,  Bay  shore  and  Babylon 50,000 

Other  small  factories,  estimated 10,000 

Total  amount  of  water 687,500 
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The  larger  of  the  above  plants  are  briefly  described  as 
follows : 

The  Patchogue  Manufacturing  Co.  has  a  group  of  brick 
buildings,  mostly  erected  during  the  last  12  years,  and  con- 
taining lace  machinery.  The  entire  plant  employs  normally 
about  500  hands.  They  have  ten  150-H.P.  boilers  of  which 
they  use  seven  only  at  the  present  time  for  24  hours  daily. 
This  plant  uses  the  water  of  the  Patchogue  lake  for  bleaching 
and  boiler  feed.  The  town  supply  is  not  usually  consumed  for 
boiler  purposes,  though  a  connection  exists  for  this  purpose. 
A  photograph  of  the  Patchogue  Manufacturing  Co.'s  plant  is 
shown  on  Plate  23. 

E.  Bailey  &  Sons  have  a  large  brick  mill,  and  do  a  general 
lumber,  planing,  sawing  and  turning  business.  The  plant  has 
a  water  front  on  Patchogue  river  and  a  railroad  connection. 
The  mill  is  run  by  two  12S-H.P.  boilers,  working  nine  hours 
daily,  and  uses  about  15,000  gallons  of  water  per  day,  taken 
from  a  6-foot  dug  well,  about  seven  feet  deep. 

The  Hygeia  Ice  plant  of  Patchogue,  owned  by  Welz  and 
Zerweck,  Brewers,  of  Brooklyn,  is  equipped  with  one  60-H.P. 
boiler  and  runs  six  months  of  the  year.  The  plant  has  a  maxi- 
mum output  of  18  tons  of  ice  daily.  The  water  is  taken  from 
an  8-inch  well  38  feet  deep,  and  city  water  is  only  used  in  case 
of  emergency.  This  plant  is  at  the  east  end  of  the  village 
south  of  the  Long  Island  railroad. 

The  Hygeia  Ice  Company  of  Sayville  is  owned  by  C.  M. 
Rogers  &  Co.,  and  is  located  south  of  the  Long  Island  rail- 
road, one  quarter  of  a  mile  east  of  the  railroad  station.  This 
plant  is  being  enlarged  to  a  daily  capacity  of  18  tons  of  ice, 
and  will  be  operated  by  the  present  40-H.P.  Atlas  boiler,  and 
a  new  80-H.P.  boiler.  Water  is  taken  from  three  2-inch  wells 
on  the  property,  but  a  connection  exists  with  the  water-works 
for  emergency  use. 

The  present  use  of  water  for  manufacturing  purposes  is 
evidently  small  and  there  is  little  likelihood  of  any  large  in- 
crease in  manufacturing  in  Suffolk  county.  There  are  no  ad- 
vantages in  these  towns  to  tempt  a  manufacturer  to  locate 
there,  except  low  wages  and  possibly  freedom  from  labor 
troubles.  Labor  is  not  abundant,  however,  and  the  towns 
which  are  encouraging  the  commuter  and  the  summer  visitor 
would  not  seek  large  industrial  enterprises  and  the  attendant 
factory  population. 
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The  water  necessary  for  all  future  industrial  uses  would  be 
supplied  from  the  public  mains,  and  the  per  capita  consump- 
tion here  assumed  for  the  future  population  is  ample  to  cover 
such  uses. 

WATER-POWER 

Water-powers  have  been  developed  in  the  past  on  all  the 
larger  streams  in  Suffolk  county  and  many  are  still  used  to 
run  sawmills,  grist-mills  and  electric  lighting  plants.  Many 
of  the  old  water  privileges  doubtless  date  back  to  the  period 
when  large  bounties  were  offered  for  the  establishment  of 
water-powers.  At  the  present  only  8  water  privileges  are 
in  use  among  11,  where  buildings  and  equipment  still  exist. 

Babylon  Whip  Factory  and  Sawmill 

The  Hendrickson  ice  cream  factory,  together  with  a  small 
sawmill  and  whip  factory,  are  located  on  the  west  side  of 
Sampawams  creek  at  the  outlet  of  Sutton  lake  on  the  easterly 
boundary  of  Babylon  at  the  South  County  road.  The  plant 
is  said  to  be  owned  by  Mr.  C.  S.  Hendrickson. 

The  whip  factory  is  a  very  old  building,  and  the  ice  cream 
factory  has  been  built  some  years.  The  water-power  is  utilized 
by  the  sawmill  and  whip  factory,  the  ice  cream  plant  being 
operated  by  a  25-H.P.  steam  engine,  using  town  water  for  the 
boiler. 

Mr.  Bunce  (Chas.  Wood  &  Co.)  leases  the  sawmill  and 
whip  factory,  and  sublets  the  latter  to  D.  C.  Rickett,  who  em- 
ploys five  hands  and  turns  out  1000  whips  per  day. 

Doxsee's  Mill^  Islip 

A  small  mill  owned  by  Mrs.  J.  H.  Doxsee  is  a  part  of  an 
estate  of  30  acres  fronting  on  South  Country  road,  extending 
north  as  far  as  the  railroad.  The  fall  at  the  lower  pond  is 
utilized  on  a  turbine  wheel  for  private  purposes,  sawing  fire 
wood,  thrashing  grain,  and  running  a  grindstone.  There  is 
an  additional  fall  of  three  feet  at  the  small  pond,  1200  feet 
north  of  the  one  described,  which  is  not  used  for  power  pur- 
poses. 

Hawkins  Lake  Paper-Mill,  Islip 

This  old  mill  has  been  abandoned  for  many  years.  It  is 
situated  on  Orowoc  creek,  west  of  the  village  of  Islip  at  the 
north  side  of  South  Country   road.     Both  the  building  and 
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the  flumes  are  in  decay  and  have  little  value.  The  westerly 
half  of  the  lake  is  said  to  be  owned  by  Mr.  Wm.  H.  Moffitt, 
the  easterly  half  by  Mrs.  P.  J.  Hawkins  of  IsHp. 

Paper-Mjll  at  Canaan  Lake,  Patchogue 

This  mill  is  on  the  east  branch  of  Patchogue  creek  about 
one  mile  north  of  the  village  of  Patchogue  and  has  not  been 
in  operation  for  some  years.  Two  years  ago  it  was  sold  to 
the  Forest  Lakes  Realty  Company  with  the  old  mill  buildings, 
the  machinery  and  most  of  the  pond  above. 

Swezey's  Mill,  East  Patchogue 

This  mill  is  located  on  the  South  Country  road  at  the  outlet 
of  the  pond  on  the  Swan  river,  and  serves  at  present  for  a 
grist-mill.  It  is  claimed  that  there  is  water  enough  to  run 
one  of  the  large  wheels  rated  at  53  H.P.  for  an  entire  working 
day,  and  the  capacity  of  the  mill  is  placed  at  30  bushels  of 
grain  daily.  One-half  the  pond  is  said  to  still  belong  to  the 
Robinson  family  in  East  Patchogue,  and  is  used  by  them  for 
cutting  ice. 

Sawmill  on  Mud  Creek,  East  Patchogue 

This  mill,  which  is  owned  by  the  Robinsons,  has  not  been 
in  operation  for  years,  and  is  much  dilapidated. 

Grist-Mill  and  Sawmill  at  South  Haven 

This  mill  is  situated  at  the  outlet  of  the  pond  on  the  Car- 
man's river,  just  above  the  South  Country  road,  and  belongs 
with  the  surrounding  land,  and  the  pond  above,  to  the  Suffolk 
club.  The  sawmill  has  an  under-shot  wheel  2  feet  by  10  feet 
rated  at  25  H.P.  which  is  said  to  do  about  $750  of  business 
annually.  The  grist-mill  has  two  turbines  24  and  16  H.P. 
respectively,  and  one  old  12-H.P.  tub  wheel.  This  mill  does 
about  the  same  amount  of  business  as  the  sawmill. 

Saw  and  Grist-Mill  at  Yaphank 

This  mill  belongs  to  Mrs.  Mary  Gerard  of  Patchogue,  and 
runs  intermittently  as  business  requires. 

Saw  and  Grist-Mill  at  Speonk 

This  mill  is  on  the  east  branch  of  Seatuck  creek.  The 
lessor,  Mr.  Maynard,  of  Speonk,  operates  both  saw  and  grist- 
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mills.     The  first  is  run  by  a  small  turbine,  the  latter  by  an 
under-shot  wheel. 

« 

Tower  Grist-Mill,  Riverhead 

This  is  located  at  the  head  of  tide-water  on  the  Peconic 
river,  and  is  owned  by  Mr.  F.  L.  Griffing.  Two  turbines, 
15  and  40  H.P.,  respectively,  and  an  auxiliary  steam-pump, 
operate  this  mill.  At  high  tide  the  fall  of  this  privilege  is 
small  and  the  mill  is  operated  by  steam-power. 

Hallett  Brothers  Grist-Mill,  Riverhead 

This  is  on  the  lower  dam  at  Riverhead  opposite  the  tower 
mill  above  described.  It  is  operated  by  two  turbines  having  a 
total  capacity  of  50  H.P.  at  maximum  head,  and  supplemented 
by  one  25-H.P.  engine  and  boiler.  Like  the  tower  mill,  the 
fall  is  small  at  high  tide.  Hallett  Brothers  have  another  new 
mill  nearby  operated  entirely  by  steam-power. 

Riverhead  Electric  Light  Company 

This  plant  is  located  on  the  upper  dam  about  Ij^  miles 
above  the  village  of  Riverhead,  and  is  equipped  with  one 
24-inch  and  one  36-inch  Hercules  turbine,  and  one  40-inch 
McCormick  turbine.     No  auxiliary  steam-power  is  required. 

There  is  an  old  woolen  mill  at  this  dam,  which  has  not  been 
running  for  10  years,  since  farmers  in  the  vicinity  have  given 
up  the  raising  of  sheep.  A  full  set  of  machinery,  which  is 
still  in  this  mill,  was  formerly  operated  by  an  over-shot  wheel. 

Both  plants  at  this  dam  are  owned  by  the  estate  of  J.  R. 
and  J.  H.  Perkins. 

In  Table  44,  are  presented  the  average  flow  of  the  streams 
on  which  power-plants  exist,  the  minimum  monthly  discharge 
of  these  streams,  the  storage  available  in  the  ponds  above, 
the  falls  acting  on  the  wheels,  and  the  probable  amount  of 
power  that  could  be  developed  in  a  10-hour  day.  For  com- 
parison with  the  rated  power  equipment  of  these  plants,  a 
rough  estimate  has  been  made  of  the  reasonable  power  develop- 
ment up  to  the  eighth  driest  month  of  1907. 

The  equipment  of  most  of  these  small  mills  is  made  in 
excess  of  an  economical  development  for  10-hour  service.  The 
intermittent  character  of  the  work  at  these  small  mills  should, 
however,  be  considered.  A  large  amount  of  power  may,  of 
course,  be  developed  from  pond  storage  for  a  few  hours.     In 
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one  of  these  country  grist-mills,  each  stone  is  run  by  an  inde- 
pendent wheel,  and  seldom  are  they  all  operated  together. 

The  total  equipment  now  in  use  aggregates  about  400  H.P., 
but  the  water  available  at  these  water  privileges  during  the  dry 
summer  months  of  the  year,  which  is  estimated  as  64.5  cubic 
feet  per  second  or  42  million  gallons  per  day,  would  not  develop 
on  these  low  falls  over  100  H.P.  during  a  10-hour  day. 

The  water  available  at  all  the  mills  where  equipment  exists, 
did  not  amount  to  but  80  cubic  feet  per  second  or  52  million 
gallons  per  day  in  the  summer  months  of  1907,  and  this  would 
not  furnish    but  125  H.P.  in  a  10-hour  working  day. 

An  economical  development  of  the  waters  at  the  privileges 
now  being  used  would  not  call  for  a,  total  equipment  of  much 
over  220  H.P.  for  a  10-hour  working  day. 

The  replacing  of  this  water-power  would  not  be  a'  serious 
item,  should  the  proposed  diversion  of  the  ground-water  in 
Suffolk  county  reduce  the  flow  of  any  of  these  streams  at  the 
above  mills. 

Photographs  of  many  of  these  mills  are  shown  on  Plates 
23  to  30,  inclusive. 
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MAINTENANCE  OF  SURFACE  PONDS 

BY  WALTER  E.  SPEAR,  DIVISION  ENGINEER 

The  many  fresh-water  ponds  in  southern  Suffolk  county 
form  one  of  the  most  attractive  features  of  the  villages  and 
estates  along  the  south  shore,  and  it  is  recognized  that  no 
payment  could  be  made  that  would  properly  compensate  their 
owners  for  the  diversion  of  their  waters,  should  the  collection 
of  the  proposed  ground-water  supply  seriously  lower  the  sur- 
faces of  these  ponds  and  deprive  the  owners  of  their  enjoy- 
ment. It  is  proposed,  therefore,  in  the  operation  of  the  Suf- 
folk County  works,  that  these  ponds  shall  be  maintained  in 
their  original  volume  and  purity.  There  are  several  ways  of 
doing  this. 

Where  the  ponds  are  near  the  proposed  collecting  works, 
sufficient  water  might  be  diverted  from  the  main  aqueduct 
into  them  to  maintain  their  surfaces  at,  or  but  little  below, 
the  spillway  level.  The  only  loss  of  water  resulting  from 
this  diversion  would  be  the  seepage  through  the  down-stream 
portion  of  the  ponds  when  these  are  on  the  seaward  side  of 
the  proposed  collecting  works.  The  remainder  of  the  water 
delivered  to  these  bodies  of  water  and  not  lost  by  evaporation 
would  naturally  return  through  the  earth  to  the  collecting 
works.  Water  delivered  to  ponds  on  the  up-stream  side  of  the 
collecting  works  would  all  return,  with  the  exception  of  the 
evaporation  losses. 

Many  small  ponds  along  the  south  shore  are  so  far  from 
the  line  of  the  proposed  works  that  their  levels  would  read- 
ily be  maintained  by  the  ground-water  seepage  from  their 
immediate  watersheds,  without  the  flow  from  the  upland 
catchment  area.  Others,  however,  at  some  distance  from  the 
collecting  works,  are  now  held  by  high  embankments  at  an 
elevation  somewhat  above  the  normal  ground-water  surface 
by  the  flow  in  the  tributary  surface  streams.  In  many  of 
these  ponds,  the  beds  could  perhaps  be  dredged  out  and  their 
water  surfaces  maintained  at  a  somewhat  lower  level.  The 
spillways  would,  of  course,  be  lowered,  and  the  original  area 
of  water  surfaces  with  clean  gravel  slopes  retained.  Such 
ponds,  when  lowered  a  few  feet,  would  be  maintained  for 
the  most  part  by  the  surface  run-oflf  and  seepage  from  their 
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local  catchment  areas.  There  would  be  ample  opportunity 
to  dispose  of  the  material  dredged  from  these  ponds  in  the 
low  ground  and  stagnant  pools  of  the  swamps  and  marshes 
nearby  to  the  advantage  of  the  entire  countryside. 

If  it  were  not  practicable,  however,  to  lower  the  level  of 
some  of  these  ponds,  they  could  be  maintained  by  one  or  two 
wells,  and  a  small  pumping-plant  operated  like  the  remainder 
of  the  system  from  the  central  power-station.  These  wells 
would  be  located  a  short  distance  upstream  from  the  heads 
of  these  ponds,  and  sufficient  water  to  keep  up  their  levels 
could  be  drawn  from  the  ground  on  a  lower  lift  and  at  less 
expense  than  the  same  amount  of  water  supplied  from  the 
aqueduct.  Most  of  the  water  delivered  from  these  wells 
would  be  drawn  back  through  the  bottom  of  the  pond  and 
a  continuous  circulation  could  be  obtained  that  would  keep 
the  waters  of  these  ponds  clean  and  wholesome. 

Experiments  at  Massapequa 

Under  the  terms  of  the  purchase  of  the  Massapequa  lake, 
which  is  the  pond  below  the  Massapequa  driven-well  station 
and  gallery  in  eastern  Nassau  county,  the  Department  of 
Water  Supply  is  obliged  to  maintain  this  pond  elt  an  elevation 
near  the  spillway  level:  To  effect  this,  water  from  Massa- 
pequa stream  is  allowed  to  flow  from  the  supply  pond  north 
of  the  works  into  this  lake  in  sufficient  quantity  to  make  up 
for  the  seepage  through  the  bottom. 

The  relation  between  Massapequa  lake  and  the  ground- 
water collecting  works  at  Massapequa  is  shown  on  Sheet  151, 
Ace.  L  644.  The  water  that  was  allowed  to  escape  from  the 
supply  pond  to  maintain  the  level  in  the  lower  lake  was  meas- 
ured last  year  by  two  weirs,  which  were  constructed  in  the 
stream  by  the  Board  of  Water  Supply,  and  which  are  shown 
on  Sheet  151,  Ace.  L  644.  When  no  water  escaped  from  the 
spillway  of  Massapequa  lake,  these  weirs  gave  a  measure  of 
the  amount  of  seepage  both  through  the  stream  bed  and 
through  the  bottom  of  the  lake.  The  ground-water  contours 
indicate  some  loss  through  and  around  the  dam  at  the  lower 
end  of  the  lake  and  a  general  movement  of  the  ground-water 
toward  the  driven-well  station  and  the  infiltration  gallery. 

The  weirs,  test-wells  and  pits,  that  were  put  in  to  deter- 
mine the  ground-water  elevations,  were  not  completed  until 
the  first  of  December,  and  the  experiments  were  carried  on 
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but  a  few  weeks  before  freezing  weather  and  heavy  rains  set 
in,  and  all  diversions  to  the  lake  were  discontinued.  The  ob- 
servations were  consequently  somewhat  meagre,  and  it  would 
be  desirable  to  continue  this  work  during  the  present  year. 
The  results  now  available,  however,  give  some  idea  of  the 
amount  of  seepage  that  would  take  place  through  the  bottoms 
of  other  Long  Island  ponds  when  the  ground- water  table  is 
lowered  about  them.  These  results  are  presented  in  Table  45, 
with  the  rainfall  and  the  pumpage  at  the  Massapequa  works. 
The  driven-well  station  was  started  up  on  November  29,  after 
a  shut  down  of  nine  days.  The  gallery  was  pumped  constantly 
through  November,  at  an  average  rate  of  8.9  million  gallons 
daily. 

It  is  evident,  for  one  thing,  that  the  losses  through  the  bed 
of  the  stream  between  the  weirs  were  much  larger  than  those 
through  the  bottom  of  the  lake.  The  movement  of  water  in 
the  stream  prevents  the  accumulation  of  humus  that  has  cov- 
ered the  bottom  of  this  lake  with  a  fairly  tight  layer  of  black 
muck.  The  measured  loss  through  the  bottom  of  the  lake, 
correcting  for  evaporation  from  the  lake  surface,  was  on  one 
day  as  high  as  9,000  gallons  per  day  per  acre,  although  both 
wells  and  gallery  were  shut  down.  The  loss  was  ordinarily 
from  5,000  to  6,000  gallons  per  day  per  acre,  but  to  be  on  the 
safe  side,  it  would  seem  reasonable  to  estimate  upon  an 
average  loss  of  10,000  *gallons  per  day  per  acre  from  Massa- 
pequa lake  to  cover  larger  losses  during  dry  summer  months. 

The  seepage  through  the  bottom  of  the  stream  between  the 
two  weirs  averaged  from  40,000  to  1,920,000  gallons  per  acre 
per  day.  The  maximum  occurred  on  December  15,  on  starting 
up  the  driven-well  station  after  being  shut  down  four  days. 
This  interval  gave  the  ground-water  beneath  the  stream  an 
opportunity  to  recover  and,  on  starting  up,  the  sand  below  the 
stream  bed  was  doubtless  saturated,  and  the  seepage  to  the 
wells  was  then  a  maximum.  As  the  ground-water  surface 
was  lowered  in  the  following  days,  the  percentage  of  satura- 
tion in  the  sands  beneath  the  stream  bed  became  constantlv 
less  and  the  downward  flow  naturally  decreased.  The  average 
seepage  through  the  stream  bed,  for  the  entire  period  of  ob- 
servation was  something  over  300,000  gallons  per  acre  per 
day,  or  five  or  six  times  that  through  the  bed  of  the  lake. 

♦Subsequent  observations  at  Massapequa  lake  in  October.  1908,  after  several  months 
of  dry  weather  showed  the  total  loss  to  amount  to  13.000  Rallons  per  day  per  acre, 
of  which  it  was  estimated  that  3.600  gallons  per  day  were  lost  by  evaporation  and 
9,400  gallons  per  day  per  acre  by  percolation  through  the  bottom  of  the  lake. 
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The  results  show  that  about  as  much  water  was  lost 
through  the  small  surface  of  the  bed  of  the  stream  as  through 
the  larger  lake  bed,  and  this  suggests  that  some  water  might 
have  been  saved  by  delivering  the  water  to  the  lake  from  the 
supply  pond  through  a  line  of  vitrified  pipe,  and  thus  prevent- 
ing the  seepage  through  the  stream  bed. 

Possible  Seepage  from  Suffolk  County  Ponds 

The  ponds  in  Suffolk  county  are  much  the  same  as  Massa- 
pequa  lake ;  they  are  similarly  situated  and  their  bottoms  are 
covered  with  a  bed  of  black  muck  that  would  make  them 
equally  tight.  These  ponds  which,  like  Massapequa  lake,  are 
near  the  proposed  collecting  works,  might  require  as  much  as 
10,000  gallons  per  day  per  acre  to  keep  their  waters  at  the 
hight  of  their  spillways.  Many  of  the  ponds  are,  however, 
as  much  as  a  mile  or  more  from  the  proposed  collecting 
works,  and  it  is  unlikely  that  more  than  5,000  gallons  per  day 
per  acre  would  be  lost  from  them,  even  at  their  present  levels. 

In  Table  46  all  the  Suffolk  County  ponds  along  the  south 
shore  that  might  possibly  be  lowered  by  the  proposed  collect- 
ing works  are  tabulated  with  their  areas  and  distances  from  the 
works.  Judging  from  the  experience  at  Massapequa,  the 
volumes  corresponding  to  the  seepage  at  Massapequa  lake  need 
not  be  supplied  during  many  of  the  winter  and  spring  months 
when  the  shallow  ground-waters  about  them  are  high,  as  a 
result  of  the  winter  rains,  and  there  is  an  ample  flow  in  the 
streams.  Probably,  on  the  average,  these  pond  levels  would 
need  to  be  maintained  artificially  during  the  dry  weather  of 
about  8  to  10  months  of  the  year.  When  heavy  rains  occur, 
even  in  the  summer  months,  the  surface  run-off  from  the 
immediate  watershed  would  often  be  sufficient  for  the  purpose. 
It  is  estimated  that  only  about  3  million  gallons  per  day  would 
be  required  in  the  driest  months,  and  ample  allowance  has  been 
made  in  the  estimates  of  pumping  to  provide  this  amount  of 
water,  although  not  as  much  as  this  would  be  required  if  the 
levels  of  these  ponds  were  lowered. 

Maintenance  of  Ponds 

The  adjustment  of  the  ponds  to  meet  lower  ground- water 
levels,  and  the  location  and  design  of  small  local  pumping- 
stations  that  it  might  be  desirable  to  build  near  these  ponds 
to  keep  up  a  circulation  through  them,  could  best  be  made 
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TABLE    46 

Areas,   Elevations  and  Distances  of   Suffolk  County 

Ponds  on  Which  Board  Estimates  of  Probable 

Supply  to  Maintain  Their  Levels 


Distance 

Approximate  Elevation   rt^*p?oii«n 
Pond  Area  in      op  Surface  <?J*S!2!fJ' 


Acres  Feet 


Collecting 

Works 

Feet 


Amityville  creek 10.1  9.1  8  4,400 

Gilmore's  pond  (Santapogue) 9.7  3.4  S  6,200 

Southard's  pond  (Carll's) 25.3  16.1  S  0 

Argyle  lake  (Carll's) 22.7  6.6  S  4,800 

Sutton's  pond  (Sampawam's) 17.2  7.0  S  5,200 

Wagstaff  (Willetts  creek) 8.1  4.6  S  7,000 

iohn  Moby  creek 7.3  9.8  S  4,300 

raurence  creek 6.0  11.3  S  4,500 

Penataquit 11.6  9.0  S  3,800 

Orowoc 4.7  6.7  S  6,000 

Doxsec  pond 22.3  7.2  S  6,000 

Champlin 21.8  10.3  S  4.800 

Cutting's 13.2  8.1  S  600 

South  Shore  Sportsmen's  Club  ponds 

West  branch,  upper 14.3  7.7  S  0 

West  branch,  lower 3.7  2.0  S  700 

East  branch 14.3  7.0  S  0 

Roosevelts 

West  branch.  Browns  creek 10.6  6.5  S  1,700 

East  branch,  Browns  creek 9.2  7.4  S  2,700 

West  lake  (Tuthill  creek) 13.8  9.1  S  2,000 

Patchogue  lake 51.2  10.7  S  0 

Swan  River  pond 26.8  10.6  S  1.500 

Mud  creek.  Robinson's  pond 11.5  6.0  S  2,800 

Suffolk  club  (Carmans  nver) 16.0  7.6  N  500 

Forge  River  ponds 12.2  8.5  S  1,000 

Terrell's  river 15.2  9.3  S  1,800 

Long  Island  Club.  Seatuck  creek 32.8  9.2  S  1,000 

East  branch,  Seatuck  creek 6.3  9.1  S  2,600 

Spconk  river 6.3  6.4  S  4,000 

Beaverdam  creek 14.7  7.4  S  2,400 

Quantuck  creek 12.8  3.0  S  4.300 


Total 829.5 
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APPENDIX   16 

LEGAL  DECISIONS  ON  DIVERSIONS  OF  SURFACE 
AND  GROUND-WATERS  AND  THE  AMOUNT 

OF  AWARDS 

BY    WALTER    E.    SPEAR,    DIVISION    ENGINEER 

The  operation  of  the  Ridgewood  system  of  the  Brooklyn 
Water  Works  in  Nassau  and  Queens  counties,  has,  in  some 
measure,  decreased  the  flow  of  the  surface  streams  and  de- 
pressed the  water-table  in  the  vicinity  of  the  collecting  works, 
and  some  large  awards  for  consequential  damages  have  been 
paid  by  The  City  during  the  last  10  years.  The  amount  of 
these  awards  has,  however,  been  much  exaggerated.  Because 
of  some  misgivings  that  have  been  expressed  regarding  the 
probable  amount  of  water  damages  that  might  result  from  the 
construction  of  the  proposed  Suffolk  County  works,  it  has 
appeared  to  be  worth  while  to  outline  briefly  the  laws  regard- 
ing the  diversion  of  surface  and  underground  waters,  and, 
more  particularly,  to  show  the  number  of  actions  that  have 
been  brought  against  The  City  in  Nassau  and  Queens  counties, 
and  the  total  amount  of  the  awards. 

DIVERSION  OF  SURFACE-WATER 

Outside  of  the  lands  originally  a  part  of  the  public  domain, 
the  owner  of  the  land  in  this  county  has,  under  the  common 
law,  a  right  in  the  surface-water  that  naturally  flows  through 
it.  The  owner  may  not,  however,  divert  this  water  from  its 
natural  channels  through  the  lands  below  his  property,  and, 
in  most  states,  he  cannot  pollute  the  stream  and  render  its 
waters  unfit  for  the  uses  of  other  riparian  owners  below  him. 

DIVERSION  OF  SUBTERRANEAN  WATERS 

When  water  moves  beneath  the  surface  of  the  ground  in 
well-defined  channels,  the  laws  regarding  the  diversion  of 
ground-waters  have  been  the  same  as  those  relating  to  surface 
streams;  that  is,  such  underground  waters  cannot  be  used  or 
diverted  by  the  owner  of  the  land  through  which  they  pass. 
The  natural  flow  of  the  water  to  the  lands  below,  must  not  be 
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interrupted,  although  the  owner  may  make  such  reasonable  and 
necessary  uses  of  the  water  as  will  not  interfere  with  similar 
uses  by  others. 

If,  however,  ground-water  is  moving  in  unknown  channels 
through  the  pore  spaces  of  the  ^arth,  or  is  being  stored  with- 
out motion  in  an  underground  reservoir,  it  was  formerly  held 
that  the  owner  of  the  land  could  appropriate  all  of  these  waters 
for  his  own  use.  The  Court  ruled  in  an  important  New  York 
case,  Ellis  vs.  Duncan  et  al.,  21  Barbour  (N.  Y.),  230:- 

"  The  question  involved  in  this  controversy,  whether  the 
owner  of  a  farm  may  dig  a  ditch  to  drain  his  land,  or  open 
and  work  a  quarry  upon  it,  when  by  doing  so  he  intercepts  one 
of  the  underground  sources  of  a  spring  on  his  neighbors' 
lands.  ...  In  the  interruption  of  a  surface  current,  the 
injury  from  a  diminution  of  the  water  would  seem  to  be  pal- 
pable, and  so  far  direct  that  it  would  originate  a  valid  cause 
of  action.  .  .  .  But  it  is  different  when  the  principal  stream 
is  partially  supplied  by  underground  currents.  The  owners 
of  the  surface  soil  are  not  generally  aware  of  their  existence 
and  cannot  be  supposed  to  have  voluntarily  acquiesced  in  any 
appropriation  of  them.  When  they  purchase  they  are  ignorant 
of  any  obstacle  to  the  free  use  of  their  property  ab  center  ad 
caelum  and  to  arrest  some  valuable  improvement,  such  as  dig- 
ging a  well  or  cellar,  draining  the  land,  taking  valuable  stones 
from  a  quarry,  or  leveling  the  ground  for  building  or  agricul- 
tural purposes,  because  it  would  cause  some  consequential,  un- 
foreseen, and  possible  irremediable  damage  to  another,  would 
seem  to  be  unreasonable  and  unjust." 

Recent  decisions  have,  how^ever,  limited  the  use  of  percolat- 
ing waters. 

Actions  Against  The  City  of  New  York  for  Damages  to 

Lands 

The  first  suit  brought  against  The  City  on  account  of  the 
operation  of  the  driven-well  stations,  appears  to  have  been 
that  of  Van  Wycklen  vs.  the  City  of  Brooklyn,  which  was  tried 
in  1886.  The  plaintiff  owned  a  grist-mill  near  the  outlet  of 
Spring  creek  into  Jamaica  bay,  below  the  city's  works,  and 
obtained  power  from  both  the  tidal  flow  and  the  waters  of  the 
creek.  It  was  proven  that  water  had  been  abstracted  from 
the  stream  by  the  Spring  Creek  pumping-station,  and  the  court 
held  that  this  was  a  sufficient  cause  of  action  against  the  city. 
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This  case  did  not  involve  the  question  of  ground-water  diver- 
sion. 

In  1898,  an  important  case,  that  of  Smith  vs.  the  City  of 
Brooklyn,  18  (N.  Y.),  App.  Div.  340,  created  a  new  and  im- 
portant precedent  regarding  the  diversion  of  ground-waters. 
Smith  was  the  owner  of  land  under  a  small  stream  tributary 
to  Freeport  creek,  and  a  pond  in  the  village  of  Freeport  formed 
by  damming  this  stream.  Both  were  alleged  to  have  disap- 
peared through  the  lowering  of  the  ground- water  surface  in 
their  vicinity  by  the  operation  of  the  Agawam  driven-well  sta- 
tion about  2000  feet  east  of  the  pond.  The  court  reviewed 
the  English  and  American  decisions,  and  affirmed  that  the  City 
of  Brooklyn  was  liable  for  damages  because  of  the  ground- 
water diversion.  The  decision  was  upheld  in  the  higher  court, 
160  (N.  Y.),  357,  but  the  reasons  stated  there,  were  that  the 
city  had  caused  the  diversion  of  a  stream,  and  no  modification 
was  really  made  in  the  original  laws  regarding  the  appropria- 
tion of  ground-water. 

"  That  the  diversion  and  diminution  of  the  stream  were 
caused  by  arresting  and  collecting  the  underground  waters, 
which,  percolating  through  the  earth,  fed  the  stream,  does  not 
affect  the  question.  When  the  fact  was  established  upon  the 
proofs  that  the  defendant's  works  and  wells  had  caused,  by 
this  subsidence  of  waters,  a  diversion  of  the  stream's  natural 
flow  in  its  channel  the  injury  was  proved  and  the  plaintiff's 
cause  for  action  established.  Whatever  may  be  the  rule  with 
respect  to  the  right  of  a  landowner  to  use,  for  any  of  his 
purposes,  the  waters  percolating  through  the  earth,  and, 
thereby,  to  affect  the  sources  of  wells  or  springs  upon  his  neigh- 
bor's land,  the  question  is  not  one  which  is  suggested  by  the 
present  case.  It  is  one  thing  to  divert  and  diminish  the  natural 
flow  of  a  surface  stream,  by  preventing  its  usual  and  natural 
supply,  or  by  causing,  through  suction  or  other  methods,  a 
subsidence  of  its  water ;  it  may  be  another  thing  to  collect  and 
use  the  waters  which  percolate  through  the  earth  in  under- 
ground ways  and  channels  without  having  connection  with 
the  supply  of  a  surface  stream.  The  latter  question  does  not 
demand  an  answer  upon  the  case  before  us." 

A  subsequent  case  in  the  same  year  near  the  Spring  Creek 
station,  Forbell  vs.  The  City  of  New  York,  164  (N.  Y.),  522, 
which  involved  only  the  question  of  ground-water  diversion, 
was  decided  against  The  City  by  the  Appellate  Court  on  the 
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grounds  that  the  collection  of  water  from  very  permeable  strata 
and  the  selling  of  water  so  obtained,  was  milawful,  although 
no  surface  water  was  diverted  or  diminished.  It  was  held  in 
this  decision: 

"  The  defendant  makes  merchandise  of  the  large  quanti- 
ties of  water  which  it  draws  from  the  wells  that  it  has  sunk 
upon  its  two  acres  of  land.  The  plaintiff  does  not  complain 
that  any  surface  stream  or  pond  or  body  of  water  upon  his 
own  land  is  affected  thereby,  but  does  complain  and  in  courts 
below  have  found  that  the  defendant  exhausts  his  land  of  its 
accustomed  and  natural  supply  of  underground  or  subsurface 
water,  and  thus  prevents  him  from  growing  upon  it  the  crops 
to  which  the  land  was  and  is  peculiarly  adapted,  or  destroys 
such  crops  after  they  are  grown  or  partly  grown." 

"  The  defendant  does  not  take  from  his  own  land  simply 
its  natural  or  accustomed  supply  or  holding,  but  by  means  of 
its  appliances  and  operations  it  takes  and  appropriates  a  large 
part  of  the  natural  and  accustomed  supply  or  holding  of  the 
plaintiff's  land,  The  case  is  not  one  in  which,  because  the 
percolation  and  course  of  the  subsurface  waters  are  unobserv- 
able  from  the  surface  they  are  unknown,  and  thus  so  far  specu- 
lative and  conjectural  as  to  be  incapable  of  proof  or  judicial 
ascertainment." 

"  Before  the  defendant  constructed  its  wells  and  pumping- 
stations,  it  ascertained,  at  least  to  a  business  certainty,  that 
such  was  the  percolation  and  underground  flow  or  situation 
of  the  water  in  its  own  and  plaintiff's  land  that  it  could  by 
these  wells  and  appliances  cause  or  compel  the  water  in  the 
plaintiff's  land  to  flow  into  its  own  wells,  and  thus  could  de- 
prive the  plaintiff  of  his  natural  supply  of  underground  wa- 
ter.    .     .     ." 

"  In  the  cases  in  which  the  lawfulness  of  interference  with 
percolating  waters  has  been  upheld,  either  the  reasonableness 
of  the  acts  resulting  in  the  interference,  or  the  unreasonable- 
ness of  imposing  an  unnecessary  restriction  upon  the  owner's 
dominion  of  his  own  land,  has  been  recognized." 

"  In  the  absence  of  contract  or  enactment,  whatever  it  is 
reasonable  for  the  owner  to  do  with  his  subsurface  water,  re- 
gard being  had  to  the  definite  right  of  others,  he  may  do.  He 
may  make  the  most  of  it  that  he  reasonably  can.  It  is  not  un- 
reasonable, so  far  as  it  is  now  apparent  to  us,  that  he  should 
dig  wells  and  take  therefrom  all  the  water  that  he  needs  in 
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order  to  gain  the  fullest  enjoyment  and  usefulness  of  his  land 
as  land,  either  for  purpose  of  pleasure,  abode,  productiveness 
of  soil,  trade,  manufacture,  or  for  whatever  else  the  land 
as  land  may  serve.  He  may  consume  it,  but  must  not  dis- 
charge it  to  the  injury  of  others.  But  to  fit  it  up  with  vvells 
and  pumps  of  such  pervasive  and  potential  reach  that  from 
their  base  the  defendant  can  tap  the  water  stored  in  the  plain- 
tiff *s  land,  and  in  all  the  region  thereabout,  and  lead  it  to  his 
own  land,  and  by  merchandising  it  prevent  its  return,  is,  how- 
ever reasonable  it  may  appear  to  the  defendant  and  its  custom- 
ers, unreasonable  as  to  the  plaintiff  and  the  others  whose  lands 
are  thus  clandestinely  sapped,  and  their  value  impaired." 

Under  this  decision  The  City  was  made  the  technical  tres- 
passer on  all  lands  where  the  water-level  was  lowered,  and 
the  owner  of  the  property  could  recover  for  any  damages  that 
might  be  proved  to  have  been  caused  by  such  lowering.  A  rule 
was  laid  down  later  that  the  damages  should  be  fixed  by  the 
reduction  in  fee  and  rental  or  the  usable  value  of  the  land. 
Loss  of  profits  could  not  be  included  as  such,  but  testimony 
as  to  profits  was  admissible  for  the  purpose  of  showing  to  what 
extent  the  usable  value  of  the  property  had  been  diminished. 

In  addition  to  the  action  for  damages  to  land  due  to  diver- 
sion of  surface  and  ground-waters  in  Nassau  and  Queens 
counties,  claims  have  also  been  made  for  damages  to  tidal 
streams  through  the  diversion  of  the  waters  of  the  entering 
streams.  Under  an  act  of  the  Legislature,  The  City  of  New 
York  paid  to  the  town  of  Hempstead  $50,000,  to  cover  all 
present  and  future  claims  for  damages  that  might  be  caused 
to  the  tidal  waters  of  that  town  by  the  diversion  of  the  sur- 
face streams.  Suits  were  also  instituted  by  oystermen  in  Nas- 
sau county  who  claimed  that  their  business  was  injured  by 
the  diversion  of  the  fresh  water  from  the  tidal  streams.  These 
cases  were,  however,  successfully  defended  by  The  City  on 
the  grounds  that  the  claimants  had  no  title  to  the  land  under 
the  navigable  streams,  and  therefore  their  actions  could  not  lie. 

Other  Dfxisions 

In  the  earlier  suits,  injunctions  have  been  asked  to  restrain 
The  City  from  operating  their  stations,  but  the  courts  have 
refused  such  relief,  unless  The  City  failed  to  make  permanent 
settlement  for  damages  caused  by  the  lowering  of  the  ground- 
water surface. 
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In  a  case  of  two  water  companies  engaged  in  the  sale  of 
w^ater,  it  was  decided  that  neither  had  cause  for  action  against 
the  other,  as  both  were  abstracting  water  from  the  ground 
and  selling  it. 

The  courts  have  also  ruled  that  where  property  was  dis- 
posed of  subsequent  to  the  establishment  and  operation  of  the 
ground-water  collecting  works,  no  recovery  could  be  made, 
as  the  reduction  in  fee  and  rental  value  had  been  considered 
in  the  price  at  which  the  property  was  sold  or  rented.  In 
several  states,  it  has  also  been  decided  that  underground  waters 
may  not  be  polluted  by  industrial  refuse  or  by  drainage  from 
privy  vaults  or  cesspools  or  by  salt  water. 

ACTIONS    DUE   TO    OPERATION    OF    RIDGEWOOD 

SYSTEM 

The  decisions  of  1898  (Smith  and  Forbell  vs.  City  of  New 
York)  opened  the  way  for  the  filing  of  a  large  number  of 
claims  which  are  shown  in  chronological  order  in  the  follow- 
ing table: 

ACTIONS  BROUGHT  AGAINST  THE  CITY  OF  BROOKLYN.  AND  THE  CITY 

OF  NEW  YORK  AS  ITS  SUCCESSOR.  FOR  DAMAGES  DUE  TO 

THE  DIVERSION  OP  WATER  BY  THE  OPERATION  OF 

GROUND-WATER  STATIONS,  ARRANGED  IN 

CHRONOLOGICAL  ORDER 


Date 
Summons 

OF 
AND 

Filing 
Complaint 

Number  op 
Suits  Instituted 

Amount 
Claimed 

Prior  to  1898. 

1 

$30,000 

1898 

1899 

15 

12 

125,000 
144.400 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

Total. 

20 

48 

6 

7 

•    •    •   •    •                                    ■   ■ 

11 

11 

2 

138 

357.000 

463.811 

66.000 

202,200 

40.766 
62.900 
10.000 

$1,508,061 

Amount  of  Claims 

So  far  as  possible  all  suits  brought  against  The  City  and 
the  disposition  of  the  cases,  have  been  compiled,  but  some 
difficulty  has  been  experienced  in  obtaining  the  necessary  data, 
and  possibly  a  few  have  been  overlooked.  These  cases  have 
not  only  been  handled  in  the  branch  offices  in  Brooklyn  and 
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Queens  boroughs,  but  many  have  been  tried  by  the  main  office 
of  the  Law  Department  in  Manhattan. 

The  amounts  of  these  claims  aggregate  about  $1,500,000, 
but  the  awards  have  been  comparatively  small. 

Amount  of  Damages  Awarded 

The  amount  of  damages  awarded  to  plaintiffs  in  actions 
against  The  City  for  trespass  by  lowering  the  ground- water 
level,  or  abstracting  water  from  streams,  has  varied  within 
comparatively  wide  limits.  The  amounts  of  the  awards  have 
been  influenced  by  the  location  of  the  property  in  reference  to 
the  pumping-station,  by  the  relative  elevation  of  the  water- 
table,  by  the  data  available  to  The  City  for  defence,  by-  the 
way  in  which  the  case  was  presented,  and  by  the  judge  before 
whom  the  case  was  tried.  From  about  1902  to  1906,  the  ma- 
jority of  the  cases  were  settled  without  formal  trial,  and  the 
awards  made  during  this  period  were  in  excess  of  those  of  pre- 
vious years. 

In  Table  47,  the  cases  against  The  City  have  been  grouped 
under  the  stations  which  it  was  claimed  caused  the  damage, 
and    the   amount   of    damages   claimed   and   amounts    finally 
awarded  are  given.     It  will  be  seen  that  the  greatest  number 
of  cases  have  been  brought  by  land  owners  about  the  Spring 
Creek  driven-well  station,  and  by  far  the  largest  damages  have 
been  paid  there.    Spring  Creek  station  is,  however,  surrounded 
by  large  areas  of  low  land,  lying  just  above  the  water-level  in 
the  sand,  and  these  lands  are  devoted  to  truck  farming.     The 
City  owns  but  a  narrow  strip  of  land  at  this  point,  and  many 
of  these  small  farms  are  not  far  from  the  wells  of  the  station. 
The  awards  thus  far  made  at  Spring  creek  have  amounted  to 
$116,000,  and  cover  a  distance  of  6500  feet  along  the  conduit 
line.     The  probable  additional  awards  to  be  made  at  this  sta- 
tion in  suits  instituted  but  not  yet  disposed  of,  would  increase 
the  damages  at  Spring  creek  by  $400,  on  the  basis  of  the 
awards  made  to  date,  and  to  this  must  be  added  the  cost  to 
The  City  for  defending  the  suits,  which  would  average  about 
$1,000  for  each  case,  or  $47,000.     The  cost  per  mile  on  this 
basis  would,  therefore,  be  $133,000.     This  represents,  prob- 
ably, the  maximum  cost  per  mile  of  works  for  damages,  and 
is  not  a  fair  basis  on  which  to  estimate  cost  in  other  localities 
where  the  ground  is  higher  relative  to  the  water-table.  Owners 
of  property  near  driven-well   stations  on  high  ground  have 
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not  been  able  to  prove  any  great  amount  of  damage  and  the 
awards  have  consequently  been  small.  The  amount  of  damages 
thus  far  recovered  has  been  26  per  cent,  of  the  amounts 
claimed.  The  payments  made  for  damages  have  usually  in- 
cluded awards  for  both  fee  and  rental  depreciation  of  the 
property  and  new  suits  cannot,  therefore,  be  brought  on  the 
same  property. 

To  determine  the  average  cost  to  The  City  for  damages 
due  to  diversion  of  underground  waters,  the  total  amount  of 
the  awards  already  made,  the  cost  of  defending  the  suits,  and 
the  probable  awards  to  be  made  in  cases  which  are  now  pend- 
ing, should  be  included.  The  total  cost  of  the  suits  may  be 
estimated  as  follows: 


Awards  made $201,500 

Town  of  Hempstead 50,000 

Estimated  awards  in  pending  cases 80,000 

Cost  of  defense  in  past  and  pending  cases 100,000 

Total $431,500 


This  amount  covers  suits  brought  on  account  of  13  stations. 
The  damages  due  to  diversion  of  water  may  be  estimated  to 
cover  13  miles  of  watershed,  and  the  cost  per  mile  of  water- 
shed measured  along  the  conduit  line  may  be  approximately 
estimated  at  $30,000.  If  the  Spring  Creek  cases  be  eliminated, 
the  cost  per  mile  would  be  reduced  to  approximately  only 
$25,000. 

If  the  awards  for  damage  amounted  to  even  $50,000  per 
mile  it  would  not  be  an  extravagant  charge  on  the  works. 
This  would  correspond  to  a  total  cost  of  $650,000  for  all  suits 
and  the  interest  and  sinking  fund  charges  estimated  at  five 
per  cent,  per  annum  would  be  $32,500.  During  the  last  two 
years  an  average  supply  of  70  million  gallons  per  day  of 
ground-water  has  been  secured  from  the  Ridgewood  system, 
which  would  amount  to  25,550  million  gallons  per  year.  The 
cost  of  damage  suits  for  each  million  gallons  of  water  supplied 
would  be  only  $1.27,  which  is  insignificant  compared  to  the 
total  present  cost  of  the  whole  Ridgewood  supply,  which  is 
estimated  at  $63  per  million  gallons  delivered  to  the  consumer. 

The  cost  of  the  suits  thus  far  instituted,  $431,500,  would 
make  the  charge  per  million  gallons  only  $0.85. 


LEGAL   DECISIONS   AND   AWARDS  581 

In  the  cases  against  The  City  in  Nassau  and  Queens  coun- 
ties, the  plaintiffs  have  frequently  made  extravagant  claims 
as  to  the  depth  of  the  lowering  of  the  water-table.  The  City 
has  been  handicapped  by  the  lack  of  continuous  records  of 
water-level  in  test-wells  within  the  territory  affected,  and  it 
has  therefore  been  necessary  to  introduce  testimony  as  to  the 
probable  normal  water-level  under  the  premises  covered  by  the 
action,  in  order  to  show  whether  or  not  the  water-level  had 
been  lowered,  and  if  so,  to  what  extent.  Suits  have  been 
brought  in  cases  where  it  was  apparently  impossible  that  any 
interference  with  the  water-level  could  have  been  caused,  by 
the  operation  of  the  driven-well  stations,  but  in  these  cases 
the  awards  made,  if  any,  have  been  small.  In  the  majority 
of  cases  tried.  The  City  has  had  to  admit  that  the  ground-water 
works  had  caused  some  lowering  of  the  water-table,  and  there- 
fore it  became  a  technical  trespasser  and  liable  to  action.  The 
actual  lowering  in  the  majority  of  cases  tried  has  been  less 
than  two  feet. 

Location  of  Cases 

On  Sheet  152,  Ace.  L  692,  are  shown  the  approximate  lo- 
cations of  the  property  on  which  damage  has  been  claimed  in 
suits  brought  against  The  City.  Note  that  these  cases,  almost 
without  exception,  are  on  low  lands  near  the  shore  or  in  the 
valleys,  and  that  there  have  been  but  few  cases  over  a  mile 
from  the  works. 

Since  the  early  Spring  Creek  suits  were  the  basis  for  the 
major  portion  of  the  damages  recovered  (see  Forbell  case), 
and  over  half  the  payments  have  been  made  to  land  owners 
near  this  station.  Sheet  153,  Ace.  LJ  218,  has  been  prepared 
to  show  the  location  of  these  Spring  Creek  cases,  their  relation 
to  the  wells  of  the  Spring  Creek  pumping-station,  and  the 
amounts  of  damages  claimed  and  the  amounts  awarded. 

PROBABLE  DAMAGES  FROM  DIVERSION  OF  SUF- 
FOLK COUNTY  GROUND-WATER 

A  most  liberal  estimate  has  been  made  in  the  cost  of  the 
Suffolk  County  works,  to  cover  payments  that  might  be  made 
in  the  future  to  compensate  the  property  owners  there  for 
any  damage  caused  by  the  diversion  of  the  ground-waters. 
With  the  experience  gained  in  the  operation  of  the  Ridgewood 
system,  it  is  proposed,  however,  to  locate  the  Suffolk  County 
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collecting  works  well  back  from  the  south  shore  on  high 
ground  within  a  wide  right-of-way,  where  the  lowering  of  the 
ground-water  would  cause  but  little  or  no  damage  or  annoy- 
ance to  the  farmers  and  other  residents. 

Liberal  damages  would,  of  course,  be  paid,  as  in  Nassau 
and  Queens  counties,  where  it  was  shown  that  damage  had 
been  done,  but  it  is  believed  such  claims  would  be  small  on 
the  proposed  Suffolk  County  works,  and  complete  records  of 
the  elevation  of  the  ground-water  would  easily  disprove  many 
claims  when  presented. 
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REPORT  ON  PRELIMINARY  SURVEYS,  NOVEMBER, 

1906  TO  MAY,  1908 

Babylon,  New  York,  June  16,  1908. 

J.  Waldo  Smith,  Esq., 

Chief  Engineer,  Board  of  Water  Supply, 
299  Broadway,  New  York  City. 

Sir: — I  submit  herewith  a  final  report  on  the  preliminary 
surveys  for  the  proposed  Suffolk  County  supply.  Appended  to 
this  brief  introduction  are  chapters  on  triangulation,  levels 
and  topographical  surveys  written  by  John  L.  Hildreth,  Jr., 
Assistant  Engineer,  which,  with  the  tables  attached,  represent 
a  complete  record  of  the  survey  work  on  Long  Island  from 
November,  1906,  to  May  1,  1908,  when  the  preliminary  stage 
of  this  work  may  be  considered  to  have  ended. 

This  does  not  include  triangulation  and  topographical  sur- 
veys in  the  Narrows,  New  York  harbor,  which  were  done 
under  my  direction  for  Headquarters  department. 

TRIANGULATION 

Suffolk   County 

A  system  of  quadrilaterals  was  established  in  the  latter 
part  of  1906  in  southern  Suffolk  county  from  the  Nassau- 
Suffolk  county  line  to  Quogue  and  Riverhead,  covering  a 
width  of  three  to  five  miles,  for  the  control  of  the  surveys 
of  the  proposed  aqueduct  lines  and  the  future  topographical 
surveys  of  the  watershed  to  protect  The  City  in  damage  suits 
arising  from  the  operation  of  the  proposed  ground-water 
works.  This  triangulation  was  the  ground  work  for  a  sys- 
tem of  rectilinear  co-ordinates  of  which  Prospect  Park  water- 
tower,   Brooklyn,   is  the  origin. 

The  triangulation  work  was  done,  for  the  most  part,  in 
the  winter,  when  the  weather  conditions  were  seldom  favor- 
able for  the  most  accurate  work,  and  the  observations  were 
made  on  the  standard  transit,  with  a  5-inch  circle,  and  a  20- 
second  vernier.  It  required  much  zeal  and  endurance,  during 
cold  winter  weather,  to  work  all  day  on  a  high  tower  with 
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one  of  these  light  instruments,  and  the  accuracy  of  the  re- 
sults obtained  is,  therefore,  most  gratifying,  and  reflects  great 
credit  on  the  assistants  who  did  this  work.  The  closures  be- 
tween the  three  base  lines,  measured  near  Babylon,  Holtsville, 
and  Eastport,  respectively,  were  remarkably  good,  and  the 
comparisons  with  the  positions  given  by  the  Coast  Survey  for 
several  points  along  the  south  shore  of  Suffolk  county  in- 
cluded in  our  system,  showed  an  agreement  with  the  Coast 
Survey  work  of  about  1  in  60,000.  Probably  our  triangulation 
is  safely  within  1  in  20,000.  About  160  square  miles  in  Suffolk 
county  were  included  in  the  primary  system,  and  within  this, 
secondary  points  were  established,  as  noted  in  Appendix  A. 
Thirty-one  primary  stations  and  80  secondary  stations  were 
occupied. 

The  entire  cost  of  the  triangulation  work  in  Suffolk  county 
is  estimated  at  $14,000,  which  amounts  to  about  $87.50  per 
square  mile  of  the  entire  area  covered  by  the  primary  system. 

Nassau  and  Queens  Counties 

No  primary  triangulation  work  was  done  in  Nassau  or 
Queens  county.  The  position  of  the  stations  previously  estab- 
lished by  the  topographical  bureau  of  Queens,  was  referred  to 
Prospect  tower,  the  common  origin  of  the  Suffolk  county  sur- 
veys and  the  traverses  in  Queens  tied  in  to  these  stations. 

The  survey  of  the  aqueduct  lines  in  Nassau  county  w^as 
controlled  by  the  triangulation  on  either  end,  and  by  inter- 
mediate Coast  Survey  stations. 

LF.VELS 

All  the  work  thus  far  done  is  referred  to  a  datum,  1.72 
feet  below  that  of  the  Brooklyn  Water  Department,  in  ac- 
cordance with  your  instructions  of  May  16,  1907.  This  datum 
was  assumed  from  existing  information,  to  be  co-incident  with 
mean  sea  at  Sandy  Hook,  the  datum  plane  adopted  by  the 
Board  of  Water  Supply  for  the  Catskill  aqueduct,  but  subse- 
quent levels  in  the  winter  of  1907-1908  showed  the  assumed 
datum  to  be  0.39  foot  below  mean  sea  at  Sandy  Hook.  It  was 
found  by  previous  levels  that  the  datum  plane  adopted  through- 
out Long  Island  by  the  U.  S.  Geological  Survey,  which  is  mean 
sea  at  Willett's  Point,  was  1.087  feet  below  the  Brooklyn 
datum,  and  therefore  0.63  foot  above  the  zero  assumed  for  the 
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work  of  the  Long  Island  department.    The  relative  elevations 
of  the  several  datum  planes  are  summarized  below. 


Datum 


Number  of  Feet  of  Zero 
of  Given  Datum  Above 
Datum  Plane  Assumed 
by  the  Board  of  Water 
Supply  in  1907  for  Long 
Island  Work 


Board  of  Water  Supply,  mean  sea  at 

Sandy  Hook 0.39 

Brooklyn  Water  Department 1 .72 

U.  S.  Geological  Survey,  mean  sea  at 

Willetts  point 0.63 

Mean  sea  in  the  Great  South  bay  as  de- 
termined in  1907 0.8 


Suffolk  County  Levels 

In  the  winter  of  1906-1907,  Assistant  Engineer  Charles 
Goodman  established  primary  bench-marks  in  Suffolk  county 
from  the  Smith's  Pond  datum  of  the  Brooklyn  Water  Depart- 
ment, which  were  later  corrected  by  the  1.72  feet,  to  obtain 
an  approximate  mean  sea  datum  as  noted  above.  These  pri- 
mary bench-levels  were  made  the  subject  of  a  special  report 
by  Assistant  Engineer  Goodman,  dated  February  16,  1907, 
and  submitted  to  you  from  this  office  on  May  3,  1907,  which 
was  afterward  embodied  in  a  later  report  by  Headquarters 
department  of  February  18,  1908. 

In  accordance  with  the  recommendations  of  the  report  of 
May  3,  1907,  15  bench-marks  have  been  established  in  Suf- 
folk county,  where  Assistant  Engineer  Goodman  found  no 
permanent  points.  These  new  benches  have  been  levelled  on 
and  are  shown  in  Appendix  B  of  this  report. 

From  these  primary  bench-marks,  secondary  levels  were 
run  throughout  the  southerly  portion  of  Suffolk  county,  and 
over  the  entire  island  east  of  Port  Jefferson  and  Patchoguc 
as  far  as  Riverhead.  This  work  was  done  to  determine  the 
elevations  of  test-wells  for  ground-water  observations  and  for 
the  control  of  the  topographical  surveys.    The  closures  of  the 
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secondary  levels  were  all  within  0.03  for  C  in  the  formula 
E  =  C  \/  M,  in  which  E  =  error  of  closure  in  feet,  M  = 
length  of  run  in  miles. 

Altogether,  899  miles  of  secondary  levels  were  run  at  a 
total  cost  of  $9,135  or  $10.15  per  mile.  About  half  of  this 
expense  was  incurred  in  the  field;  the  remainder  was  spent 
in  the  office  in  working  up  notes  and  tabulating  the  results. 

Nassau  and  Queens  Counties 

The  survey  lines  for  the  proposed  aqueduct  through  Nas- 
sau and  Queens  counties  were  near  the  lines  of  the  primary 
levels  and  no  work  of  importance  was  necessary  to  establish 
bench-marks  for  the  topographical  surveys  between  Brookiyn 
and  the  Suffolk  County  line. 

TOPOGRAPHICAL    SURVEYS 

The  level  character  of  the  outwash  plains  of  southern  Long 
Island  afforded  a  wide  choice  of  location  for  the  proposed 
aqueduct  and  collecting  works,  and  it  was  essential,  on  all 
promising  lines,  to  cover  a  sufficient  width  of  ground  to  allow 
of  some  adjustment  of  the  paper  location  that  was  adopted 
for  the  preliminary  estimates  of  cost.  Special  methods  de- 
scribed in  Appendix  C,  were  devised  by  Assistant  Engineer 
Hildreth  to  secure  from  a  single  traverse  all  the  topography 
over  a  wide  strip  of  land.  Ordinarily,  a  width  of  1000  feet 
was  covered  throughout  Suffolk  county  and  much  of  Nassau 
county.    All  traverses  were  closed  within  1  in  6000. 

During  this  work,  18,400  acies  were  surveyed,  at  a  total 
cost  of  $42,215  which  corresponds  to  $2.29  per  acre,  or  about 
$1470  per  square  mile. 

Mapping  of  Surveys 

All  this  topographical  work  has  been  mapped  on  mounted 
white  paper  sheets  26  inches  by  40  inches,  on  a  scale  of  200 
feet  to  the  inch.  Each  sheet  is  divided  by  the  rectangular 
co-ordinate  lines  into  six  12-inch  squares,  and  completed  in 
accordance  with  the  standards  fixed  by  the  Engineering  bu- 
reau. Altogether,  180  sheets  have  been  laid  out,  and  all  sur- 
veys, with  the  exception  of  a  few  short  traverses  in  northern 
Queens  county  have  been  plotted,  checked  and  inked. 
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SUMMARY  OF  WORK 

The  total  amount  of  work  accomplished,  and  the  estimated 
cost  are  summarized  below: 


Amount  Estimated  Cost 

OF  Work 


Total  Unit  Cost 


Triangulation 160  square  miles     $14,000         $87.60  per  square  mile 

Levels,    exclusive    of    Good- 
^  man's  work  previously  re- 
ported         899  miles  9,135  10.15  per  mile 

Topographical  surveys 18,400  acres  42,215  2.29  per  acre 


Total  cost  of  surveys, 
exclusive  of  primary 
levels $65,U0 


The  tabulations  of  all  this  work  as  made  up  for  field  and 
office  use,  are  given  in  the  following  pages  and  are  submitted 
for  filing  at  Headquarters  department. 

Respectfully  submitted, 

WALTER  E.  SPEAR, 

Division  Engineer 
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APPENDIX   A 

TRIANGULATION    WORK    IN    SUFFOLK,    NASSAU 

AND  QUEENS  COUNTIES 

BY  JOHN  L.   HILDRETH,  JR.,  ASSISTANT  ENGINEER 

For  the  control  of  the  topographical  surveys  in  Suffolk 
county,  a  system  of  triangulation  was  established,  in  the  latter 
part  of  1906  and  in  1907,  from  the  Nassau-Suffolk  County 
line  to  Riverhead  and  Quogue,  a  distance  of  about  40  miles. 
A  system  of  quadrilaterals  was  laid  out  covering  a  width 
from  three  to  five  miles  in  southern  Suffolk  county,  which 
included  several  U.  S.  Coast  Survey  stations  previously  estab- 
lished. 

Prospect  Park  tower  in  Brooklyn,  the  origin  of  co-ordi- 
nates selected  for  the  triangulation  in  Brooklyn  and  Queens 
boroughs  (Latitude  40°  40'  20.721",  Longitude  73°  58' 
03.841"),  was  taken  as  a  zero  of  plane  co-ordinates,  or,  more 
properly,  linear  spherical  co-ordinates  for  the  work  in  Suf- 
folk county.  From  this  station,  plane  co-ordinates  of  "  Wel- 
wood,"  a  triangulation  station  near  Lindenhurst,  were  computed 
from  the  geographical  positions  of  these  two  stations  given 
by  the  Coast  Survey.  From  the  co-ordinates  of  "  Welwood," 
the  positions  of  all  other  stations  in  Suffolk  county  were  deter- 
mined by  means  of  the  triangulation  work  of  the  Board,  and 
all  checked  by  the  geographical  positions  of  other  Coast  Sur- 
vey stations  in  Suffolk  county  that  were  included  in  our 
quadrilateral   system. 

Within  this  primary  system,  secondary  triangulation  sta- 
tions were  located  about  one  mile  apart,  near  the  proposed 
aqueduct  location,  for  convenience  in  running  the  stadia  sur- 
veys. 

Wherever  possible,  existing  structures  such  as  buildings, 
windmills,  water-tanks,  etc.,  were  utilized  for  both  primary 
and  secondary  stations,  but  it  was  found  necessary  to  erect 
several  towers  in  order  to  obtain  good  quadrilaterals  in  the 
primary  system. 

Three  different  styles  of  towers  were  used,  all  of  which 
proved  to  be  very  satisfactory. 
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TRIANGULATION  TOWERS 


Name 

HiGHT 

Fbet 

Kind 

Built  by 

Material 

Remarks 

Keith 

Yaphank. . . . 
Raynor.  .  .  . 
Holtsville. . . 

Mastic 

East  base*. . 
Terry  No.  2. 

60 
40 
38 
30 
40 
18 
15 

4 
4 

4 
3 
3 

4 
4 

post 

Contract 

Engineers 
<< 

Contract 
Engineers 

Sawed  lumber 
Oak  and  pine  trees 

««             It             <t                 i« 

Sawed  lumber 
«>           it 

Oak  and  pine  trees 
<•       •<       <•        •• 

Eccentric   station 
of  Terry 

♦Near 

Eastport 

Plates  31  to  54,  inclusive,  show  all  the  primary  stations 
except  "East"  and  '*  West "  base  in  Lindenhurst,  "East" 
and  "  West  "  base  at  Eastport,  "  Osborn  "  and  "  Terry." 

In  order  to  hasten  the  work,  the  system  was  divided  into 
three  divisions:  Babylon,  extending  from  Amityville  to  Islip; 
Patchogue,  extending  from  Islip  to  Bellport;  and  Moriches, 
covering  the  remainder  of  the  island  east  of  Bellport.  A 
separate  base-line  was  laid  out  and  measured  on  each  division, 
and  from  it  the  work  of  each  division  calculated. 


Method  of   Measuring   Base-Lines 


BABYLON    DIVISION 

Location On   south   side  of   embankment  of   Hempstead 

branch  of  Long  Island  railroad  north  of  Lin- 
denhurst, between  "  West  "  and  "  East  "  base. 

Length 6,349.653  feet. 

Tape  used. .  .100- foot  Eddy  divided  to  1/100  foot. 

Supported. . .  At  0,  25,  50,  75  and  100- foot  points. 

Pull 20  pounds. 

Method Distance    was    measured    between    hubs    99  + 

feet  apart,  set  on  uniform  grades ;  both  ends  of 
the  tape  were  read,  the  1/1000  foot  being  esti- 
mated. Tape  shifted  and  the  measurement  re- 
peated three  or  more  times,  allowable  differ- 
ence between  maximum  and  minimum  being 
2/1000  foot.  Temperature  taken  with  each 
measurement  at  both  ends  of  the  tape.  The 
sum  of  the  averages  of  all  the  measurements 
being  used  for  the  total  length. 
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Two  measurements  were  made  checking  within 
1/26500. 

On  account  of  the  better  conditions  during  the 
second  measurement,  this  was  used  in  calcu- 
lating the  quadrilaterals. 

PATCHOGUE    DIVISION 

Location Along  the  Main  Line  division  of  Long  Island 

railroad  between  hubs  opposite  "  Holtsville  '* 
and  "  Ronkonkoma."  Distance  "  Holtsville  " 
to  "  Ronkonkoma  "  calculated  from  this. 

Length 23,275.420  feet. 

Tape  used ...  100- foot  Lufkin  graduated  to  feet  except  the 

first  foot,  which  was  graduated  to  1/10  foot. 

Supported. .  .On  rail,  except  for  726.350  feet  at  one  end.    The 

latter  being  supported  at  0  and  100-foot  points 
by  hubs. 

Pull 16  pounds. 

Method Tape  stretched  with  required  pull,  rear  end  laid 

on  rail,  then  front  end  lowered  on  rail  keeping 
the  pull  constant,  and  the  distance  carefully 
marked  with  pencil.     The  remaining  distance, 
726.350  feet,  was  measured  between  hubs  with 
an  Eddy  tape  divided  to  1/100  foot  using  the 
same  pull. 
Temperature  taken  at  both  ends  of  the  tape  with 
each  measurement.    Four  measurements  were 
made,  but  the  third  was  eliminated  on  account 
of  unfavorable  conditions. 
The  average  of  these  three  measurements  was 

used  for  calculating  the  quadrilaterals. 
Error  between  1st  measure  and  mean  1/73200 

2nd       "  "        "      1/86600 

4th       "  "        "      1/478700 


it  t( 


MORICHES   DIVISION 


Location Along  Manor  branch  of  Long  Island  railroad 

near  Eastport  between  "  West  "  and  "  East  *' 
base. 
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Length 10,259.105   feet. 

Supported. . .  At  0  and  100  feet. 

Pull 16  pounds. 

Method Base-line  divided  into  12  part's  by  hubs  set  from 

300  to  1400  feet  apart,  the  distance  between 
hubs  being  measured  two  or  more  times,  tape 
bring  held  level,  using  plumb-bobs.  Allow- 
able difference  being  2/1000  foot  after  cor- 
recting for  temperature. 
Temperature  taken  every  200  or  300  feet. 


STANDARDIZING   OF   TAPES 

In  order  to  have  all  measurements  agree  with  the  U.  S. 
Standard  and  to  obtain  checks  on  the  work  through  the  United 
Coast  Survey  stations,  the  tape  used  on  the  Babylon  base 
was  sent  to  Washington  and  standardized  under  the  same 
conditions  as  when  used.  Afterward  the  tapes  used  on  the 
Patchogue  and  Moriches  bases  were  standardized  with  this 
tape  over  700  feet  of  the  Babylon  base. 

METHOD  OP  TURNING  PRIMARY  ANGLES 


Limit 

Error       Total 
Division  Method  of  Number  Between  Number 

Measuring  Angle  of  Sets      Sets  of 

Seconds     Angles 


Babylon •Left  to  right  angle  and  explement  six 

times,     telescope     reversed     between 

each  angle 2  3  24 

Patchogue Left  to  right  and  right  to  left,  six  times, 

angle  and  explement.  Telescope  re- 
versed between  each  angle.  Plate 
set  at  sero 2  3  24 

Moriches Left  to  right,  telescope  direct  for  three 

and  reversed  for  three.  Set  in  differ- 
ent parts  of  plate 4  5  24 


♦Method  used  in  the  triangulation  of  City  of  New  York  by  Mr.  Mossman 

For  turning  the  angles  in  both  primary  and  secondary 
work,  an  ordinary  Buff  and  Buff  or  Berger  &  Son's  engineer's 
transit,  with  5-inch  plate,  reading  to  20  seconds  was  used. 
Signal  poles,  varying  from  two  to  six  inches  in  width  depend- 
ing on  the  length  of  sight,  and  painted  with  alternate  bands 
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of  black  and  white,  with  a  flag  at  the  top,  or  the  center  of 
the  windmills  or  spires,  were  used  for  sights. 

Six  to  seven  miles  were  about  the  limit  of  sight,  under  good 
conditions,  of  these  instruments. 

A  triangulation  party  consisted  of  an  instrument  man  (as- 
sistant engineer  usually)  and  recorder,  and  two  or  more  assist- 
ants to  raise  and  lower  signals  whenever  necessary.  From  one 
to  two  primary  angles,  two  to  four  secondary  angles,  and  angles 
to  azimuth  stakes,  under  ordinary  conditions,  could  be  turned 
in  a  day. 

Weather  conditions  and  the  low  power  of  the  instruments 
were  responsible  for  the  apparently  small  amount  of  work 
done. 

CALCULATION    OF    TRIANGULATION 

After  correcting  such  angles  as  were  measured  from  ec- 
centric stations,  the  quadrilaterals  were  adjusted  by  the  angle 
and  side  equation  adjustment,  the  rigorous  method  not  being 
used.  The  base-line  was  first  corrected  for  temperature  to 
62°  F.,  then  to  U.  S.  standard,  and  finally  reduced  to  the 
horizontal.  This  was  then  reduced  to  sea-level  and  used  to 
calculate  the  quadrilaterals.  In  each  case,  the  easterly  side 
of  the  quadrilaterals  was  calculated  through  the  north  and 
south  sides  and  the  average  used  to  go  ahead  with.  In  one 
case  two  quadrilaterals,  "  Vulcanite  "  and  ''  Babylon  "  had  two 
sides  in  common  which  were  calculated  from  both  with  the  fol- 
lowing results: 


Side  Calculated  from  Length        Diffbrbncb 

Quadrilateral  Feet  Pbet 


St.  Dominic  to  Belmont Vulcanite 18,613.047 

Babylon 18,612.395  0.652 

Belmont  to  Sherman Vulcanite 13,034.360 

Babylon 13.034.010  0.350 
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The  table  following  gives  the  closures  of  the  angles  of  the 
quadrilaterals,  the  error  per  angle,  maximum,  minimum  and 
average  correction  per  angle: 


CLOSURES  OP  QUADRILATERALS 


Sum 

OP  Observed 

Error 

Correction 

Angles 

Total 

per 

IN 

Seconds 

Quadri- 
lateral 

Error 

Angle 

. 

De- 

Min- 

Sec- 

IN 

IN 

Maxi- 

Mini- 

Aver- 

« 

grees 

utes 

onds 

Seconds 

Seconds 

mum 

mum 

age 

AmityvUle. .  . . 

359 

59 

48.6 

—11.4 

—1.42 

6.2 

0.2 

2.79 

Base 

359 

59 

57.2 

—  2.8 

—0.35 

3.2 

0.7 

1.88 

Vulcanite 

359 

59 

57.9 

—  2.1 

-—0.26 

1.9 

0.0 

0.94 

Babylon 

359 

59 

53.7 

—  6.3 

—0.79 

3.1 

0.8 

1.54 

Bayshore 

360 

00 

06.0 

-H  6.0 

-fO.77 

5.5 

0.5 

2.23 

Islip 

360 

00 

08.7 

+  8.7 

+  1.09 

2.2 

0.1 

1.11 

Patchogue. . . . 

359 

59 

55.9 

—  4.1 

—0.51 

2.7 

0.0 

1.13 

Oakdale 

359 

59 

51.3 

—  8.7 

—1.09 

6.6 

1.8 

3.71 

Cutting 

359 

59 

57.7 

—  2.3 

—0.29 

4.4 

0.8 

2.02 

Bellport 

360 

00 

05.7 

+  5.7 

+0.71 

3.4 

0.1 

1.61 

Brookhaven..  . 

359 

59 

49.8 

—10.2 

—1.27 

3.0 

0.4 

1.50 

Mastic 

359 

69 

57.8 

—  2.2 

—0.28 

1.8 

0.4 

1.05 

Moriches 

360 

00 

05.3 

-1-  5.3 

+0.66 

4.3 

0.5 

1.65 

East  port 

360 

00 

07.7 

+  7.7 

+0.96 

1.9 

0.0 

1.04 

Westhampton . 

359 

59 

56.1 

—  3.9 

—0.49 

3.0 

0.3 

1.16 

Isase 

359 

59 

57.8 

—  2.2 

—0.28 

1.7 

0.2 

0.80 

Average  correction  per  angle  1.63  seconds 

Closures  Between  the  Different  Divisions 
babylon  and  patchogue 


Division 


Line  between  Islip  and 
Central  Islip 


Babylon 19,127.293  feet 

Patchogue    19,127.289     " 

Difference    0.004   foot 


PATCHOGUE  AND  MORICHES 


Division 


Line  between  Plainfield 
and  Bellport 


Patchogue   23,861.563  feet 

Moriches    23,861.336     " 

Difference    0.227   foot 


As  the  work  between  the  three  divisions  closed  so  well, 
and  as  "  Welwood  "  was  a  U.  S.  Coast  Survey  station  whose 
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co-ordinates  and  that  of  Fire  Island  lighthouse,  and  the  azi- 
muth of  the  line  between  them  had  been  furnished  through 
the  courtesy  of  the  United  States  Coast  Survey,  it  was  de- 
cided to  hold  the  work  of  the  Babylon  division  and  adjust 
the  other  quadrilaterals  to  it,  which  was  accordingly  done. 

The  following  closures  in  co-ordinates  and  in  azimuth  were 
obtained  on  the  U.  S.  Coast  Survey  stations,  either  occupied 
or  cut  in: 


Station 


Co-ordinates 


North 


East 


Calculated 
From 


Difference 
IN  Feet 

North        East 


Babylon  Presby- 
terian church.  9,594.551 
9,594.376 
9.594.464 
9,594.405 


178.869.953 
178.870.190 
178,870.072 
178,869.223 


9.594.402     178.869.101 


Patchogue 

school 34.355.38 

34,355.83 
34.355.61 
34.359.76 

Bellport  church.33.634.48 
33.635.59 


Osborn , 


Terry. 


78,205.18 
78,207.44 
78.206.31 
78.207.74 

.67,520.48 
67.552.76 
67.521.62 
67,523.78 


264.327.84 
264.327.41 
264,327.63 
264,323.65 
285.688.74 
285,690.03 


347.621.08 
347.619.30 
347.620.19 
347,617.07 

331,946.8 
331,945.3 
331.946.05 
331,944.74 


Fire  Island  light 0.175       0.237 

Wei  wood 

Average 

Triangulation 0.059        0.849 

St.  Dominic-Belmont 
Triangulation 0.062        0.971 

Sherman-Belmont 

Wei  wood 

Fire  Island  light 0.45  0.43 

Average 

Triangulation 4.15  3.98 

Patchogue  school 

Triangulation 1.11  1.29 

Patchogue  school-Holtsville 

Welwood 

Fire  Island  light 2.26  1.78 

Average 

Triangulation 1.43  3.12 

Welwood 

Fire  Island  light 2.28  1.5 

Average 

Triangulation 2.16  1.31 


Station 


Co-ordinates 


South 


East 


Calculated 
From 


Difference 
in  Feet 

North      East 


Fire  Island 13,675.50 

13.673.22 


207,828.66 
207,827.20 


13,672.30      207.825.23 


U.  S.  Coast  Survey 
Triangulation 

Sherman-Belmont 
Triangulation 

Holtsville-Patchogue 


2.28 
3.20 


1.46 
3.43 


Line 


Azimuth 


Degr,ees    Minutes     Seconds 


Calculated  from 


Differ- 
ence IN 
Seconds 


Patchogue  school    to 
Fire  Island  light. . . 

Terry  to  Osborn 

Terry     to     Moriches 
Presbyterian  church 


/229 

1229 

55 

55 

216 

.216 


37 
37 
42 
43 
59 
59 


52.2 
49.8 
36.4 
02.1 
35.2 
02.0 


Geographic  co-ordinates 

Triangulation 2.4 

Geographic  co-ordinates 

Triangulation 25.7 

Geographic  co-ordinates 
Triangulation 33.2 
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These  stations  were  selected  at  points  approximately  one 
mile  apart,  and  as  closely  as  could  be  determined  at  that  time 
to  where  the  aqueduct  line  wouM  be  located.  In  most  cases, 
existing  structures  such  as  dwelling  houses  and  small  wind- 
mills were  used,  though  in  several  instances  it  was  necessary 
to  erect  signal  poles  40  to  60  feet  high  or  put  flags  in  high 
trees  and  cut  these  in. 

The  method  of  turning  angles  was  the  same  as  on  the 
primary  work,  except  that  only  one-half  the  number  of  sets 
were  turned.  In  all  cases  where  it  was  possible  the  station 
was  occupied,  and  the  error  of  closure  was  proportioned 
ecjually  among  all  three  angles.  Most  of  this  work  was  done 
at  the  same  time  that  the  primary  angles  were  turned,  to 
avoid  occupying  a  station  twice.  As  these  stations  were  cal- 
culated from  only  two  primary  stations,  the  only  check  on 
their  accuracy  was  the  closures  of  the  traverses  run  in  the 
field. 

Azimuth  Stakes 

At  all  primary  and  secondary  stations,  except  where  the 
latter  were  simply  poles  or  flags  that  were  cut  in,  two  or 
three  azimuth  stakes  were  set  for  closures  of  the  traverses 
without  the  necessity  of  re-occupying  the  station  again.  These 
were  used  for  closures  both  in  azimuth  and  in  co-ordinates. 
At  all  the  primary  and  some  secondary  triangulation  stations, 
these  slakes  have  been  replaced  by  concrete  monuments. 

Summary 


Area,  square  miles   160 

Primary  stations    31 

Secondary  stations    80 

Towers  erected    7 

Signals   erected    77 

Angles  turned    657 

Total  length  of  base-lines. . . .       39,884.178  feet 
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Salaries  (surveys  and  calculations),  materials,  etc., 

except  towers     (No  Executive) $13,081 .38 

TOWERS 

"  Keith,"  50  feet 218.00 

"  East  base,"  Eastport,  18  feet 29.00 

''  Terry,"  15  feet 32.00 

"  Raynor,"  38  feet 152.00 

"  Yaphank,"  40  feet 150.00 

"  Mastic,"  40  feet 207.00 

•*  Holtsville,"  30  feet 135.00 

Total  cost  $14,004.38 

Cost  per  square  mile $87 .  50 


TRIANGULATION    WORK    IN    NASSAU    COUNTY 

For  the  control  of  the  survey  work  through  Nassau  county 
from  Amityville  to  V^alley  Stream,  it  was  decided  not  to  do 
any  field  work,  but  to  utilize  the  U.  S.  Coast  Survey  stations 
on  account  of  their  proximity  to  the  line.  Five  stations, 
"  Episcopal  spire  "  at  South  Oyster  bay  (Mkssapequa),  "  Fry's 
cupola  "  at  Bellmore,  *'  Presbyterian  Church  spire ''  at  Free- 
port,  "  Methodist  Church  spire  "  at  Baldwin,  and  "  Pearsall's 
Methodist  Church  spire  "  at  Lynbrook  \yere  used.  Owing  to 
the  very  poor  closures  obtained  on  all  these  stations  except  the 
first  at  Massapequa,  they  were  abandoned  and  the  work  closed 
from  station  "  Hospital  "  at  Amityville  to  "  Roeckels  "  at  Rose- 
dale,  a  distance  of  about  15  miles.  In  order  to  hasten  this 
work,  an  additional  party  was  started  at  Freeport  and  later  at 
Lynbrook.  At  both  of  these  places,  an  observation  was  made 
on  Polaris,  and  from  this  an  azimuth  obtained  to  start  the 
work. 

TRIANGULATION  WORK  IN  QUEENS  COUNTY 

For  the  control  of  the  survey  work  in  the  County  of 
Queens,  extending  from  the  Ridgewood  reservoir  to  the  Nas- 
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sail  County  line  near  Rosedale,  a  distance  of  about  nine  miles, 
four  triangulation  stations  established  by  the  Borough  of 
Queens,  '*  Ridgevvood  gate-house,"  **  Aqueduct,"  "  Metropoli- 
tan ''  and  **  Roeckels ''  were  used.  The  co-ordinates  of  these 
stations  in  the  old  Bronx  system,  whose  origin  was  on  Eleventh 
avenue,  were  obtained  from  the  topographical  biu'eau  of  the 
Borough  of  Queens.  In  order  to  utilize  these  stations,  it  was 
necessary  to  obtain  their  co-ordinates  in  the  system  used  on  the 
remainder  of  the  work,  whose  origin  was  Prospect  Park  water- 
tower  in  Brooklyn.  This  was  done  by  first  calculating  their 
geographic  position  by  transposing  from  the  old  Bronx  system 
to  the  new  with  the  Parkway  origin,  and  thence  to  the  Brook- 
lyn system  with  Prospect  Park  water-tower  (Latitude  40°  4(y 
20.72P',  Longitude  73°  58'  03.841")  as  a  zero.  The  plane 
co-ordinates  of  these  stations  were  then  calculated.  Azi- 
muth stakes  were  set  at  all  four  stations,  only  such  triangulation 
work  being  done  to  properly  obtain  their  azimuth.  For  most 
of  this  work,  "  Ilollis,"  a  U.  S.  Coast  Survey  station,  was  used, 
as  the  stations  were  not  intervisible.  These  four  points  were 
used  for  the  stadia  traverses  along  the  aqueduct  location. 

For  the  surveys  of  a  proposed  reservoir  site  near  Lake 
Success,  in  the  Northern  part  of  Queens  borough,  only  one 
previously  established  station,  "  Hollis,'*  was  avaikble. 
"  Payne,*'  where  a  tower  had  just  been  erected  and  was  being 
occupied  at  the  time  of  the  surveys,  was  used  to  close  on,  its 
position  being  determined  by  the  traverse. 

In  turning  the  angles  for  the  azimuth  stakes,  a  5-inch 
20-second  Buff  and  Buff  transit  was  used.  These  were  turned 
from  left  to  right  with  reversals  between  each  angle,  six  angles 
constituting  a  set.  Four  sets  were  usually  turned  to  deter- 
mine the  angle.  On  part  of  this  work,  the  explement  of  the 
angle  was  measured  in  the  same  manner  and  the  average  of 
the  two  taken  for  the  true  value.  In  the  other  cases,  an  addi- 
tional angle  was  turned  to  another  triangulation  station,  and 
the  average  of  these  two  angles  used.  No  towers  or  signals 
were  erected  on  this  work. 

Ten  stations  were  occupied  and  about  30  angles  measured, 
at  a  total  cost  of  about  $300. 
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TABLE    48 

Primary  Triangulation  Stations 


Station 


HiGHT  OF 

Location  Instrument 

Town  Structure       Above 

Ground 


Description  of  Station 


Hospital Amity ville.  ; 


St.  Dominic Amityville. 


Tower  of  Long      About 
Island  Home.     SO  feet 


Water  tank. 


West  Base Lindenhurst .  .    None , 


65  feet 


5  feet 


Welwood Lindenhurst .  .    Dwelling  house    50  feet 


Vulcanite Lindenhurst...   Water- tunk. . .     75  feet 


East  Base Lindenhurst .  .    None 


5  feet 


Belmont. 


Babylon Windmill 80  feet 


Sherman Babylon Cupola  of  hotel     65  feet 


Keith Bayshore Tower 50  feet 


Bossert Bayshore Water-tank.  .  .      78  feet 


Islip 

Central  Islip 
Cutting 


Islip 

Central  Islip. 
Islip 


Ronkonkoma. 


Islip 


Coal  elevator..     47  feet 


Roman    Cath-     50  feet 
olic  church..  . 

Windmill 50  feet 


Dwelling  house     35  feet 
(empty) 


Oakdale Islip Windmill 75  feet 


Signal  in  east  window  at  top  of  central 
tower  of  Administration  building  of  the 
Long  Island  Home,  on  the  north  side  of 
Division     avenue;     building     painted 
brown 
Signal  pole  on  top  of  gray  water-tank. 
60  feet  hip:h,  at  St.  Dominic's  convent, 
on  east  side  of  Albany  avenue,  about 
IH  miles  northeast  of  Amityville 
Signal  on  south  side  of  embankment  of 
Hempstead  branch  of  Long  Island  rail- 
road, about  130  feet  northwest  of  road 
from    Lindenhurst    (straight   path)    to 
Wyandanch,     marked     by       concrete 
monument 
Pinial  on  center  of  cupola  of  gray  house 
of  P.  D.  Neville,  at  northwest  corner 
of  Broadway  and  South  Country  road 
(Main  street).  Lindenhurst.  U.  S.  Coast 
Survey  station 
Eccentric  station  on  roof  of  large  water- 
tank.  70  feet  high,  of  Vulcanite  Mfg. 
Co.,  on  east  side  of  Dougherty  avenue, 
and  south  of  Long  Island  railroad 
Signal  on  south  side  of  embankment  of 
Hempstead  branch  of  Long  Island  rail- 
road,   about    400    feet    southeast    of 
Cemetery    road,   marked   by   concrete 
monument 
Signal  on  platform  of  large  yellow  wind- 
mill of  August  Belmont,  south  of  Bel- 
mont   avenue    and    about    two    miles 
northwest  of  Babylon 
Eccentric   signal    on    roof   of   cupola   of 
Sherman  House  on  south  side  of  Main 
street,  opposite  Deer  Park  avenue,  in 
Babylon  village 
50-foot    4-post    triangulation    tower,    on 
east  side   of  road  from   Edgewood   to 
Bayshore.    about    one    mile    south    of 
Edgewood.   on  land   of    M.    C.    Keith. 
Concrete  monument  under  tower 
Signal  on  center  of  roof  of  water-tank. 
73  feet  high,  on  land  of  Louis  Bossert 
on  north  side  of  South  Country  road 
about  one  mile  west  of  Bayshore 
Signal  on  top  of  coal  elevator  of  Islip  Coal 
&  Feed  Co..  south  of  railroad  and  west 
of  Nassau  avenue 
Gilt  cross  on  spire  of  church,  on  east  side 
of  Carleton  avenue,  about  2.000  feet 
south  of  railroad 
Center  of  gray  windmill  on  land  of  W.  B. 
Cutting,  north  of  Montauk  division  of 
Long  Island    railroad,    and   about     }^ 
mile    east    of    Great     River     railroad 
station 
Center  of  cupola  of  empty  dwelling  house 
on  Ocean  avenue,  north  of  main  line 
of  Long  Island  railroad  and  about  one 
mile    west    of    Ronkonkoma    railroad 
station 
Center  of  gray  windmill  south  of  South 
Country  road  and  about  one  mile  east 
of  Oakdale  railroad  station,  on  land  of 
P.  C.  Bourne's  Indian  Neck  farm 
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TABLE    48    (Concluded) 


Station 


Location 
Town 


HiCHT  OF 

Instrument 
Structure      Above 
Ground 


Description  of  Station 


Holtsville Brookhavcn..  .    Tower 30  feet 


Patchogue Brookhaven.. .    Water-tank. 


Plainfield Brookhaven.. .   Water-tank. 


Bellport . 
Yaphank 


Brookhaven..  .    Windmill. 


Brookhaven...    Tower, 


Mastic Brookhaven..  .   Tower. 


92  feet 

53  feet 

44  feet 
38  feet 

40  feet 


Raynor Brookhaven..  .   Tower, 


40  feet 


Farnsworth Brookhaven...   Windmill 67  feet 


Terry Brookhaven..  .    None 


West  Base Brookhaven..  .    None, 


5  feet 


5  feet 


East  Base Southampton .    Tower 18  feet 


Convent Brookhaven..  .    Water-tank. 


Osborn Southampton.    None. 


52  feet 


Oakville Southampton.    None 


5  feet 


Hallock Southampton .    Windmill 80  feet 


30-foot  3-post  trianKuIation  tower  on  land 
of  Long  Island  railroad.  800  feet  east 
of  Holtsville  railroad  station.  Con- 
crete monument  under  tower 

Center  of  water-tank  of  Patchogue  Mfg. 
Co..  about  300  feet  north  of  South 
Country  road  and  near  Lace  Mill  pond. 
Concrete  monument  under  tower 

Center  of  yellow  water-tank  of  Lonjr 
Island  railroad,  four  miles  north  of 
Bellport  at  No.  2  experimental  agn- 
cultural  station 

Center  of  windmill  on  John  L.  Langley  s 
estate,  i  mile  east  of  Bellport.  on 
south  side  of  South  Country  road 

37-foot  4-post  triangulation  tower,  built 
of  oak  and  pine  trees,  on  land  of  Your.g 
and  Metzner,  1  H  miles  north,  and  J 
mile  east  of  Yaphank  railroad  station 

40-foot  3-post  triangulation  tower  en 
estate  of  Christopher  Roberts  (R-  -*' 
Galloway),  300  feet  south  of  South 
Country  road,  opposite  house  of  wn'- 
Bremmohl.  and  one  mile  west  of  Mastic 
railroad  station.  Concrete  monument 
under  tower  ., 

40-foot  4-post  triangulation  tower,  bmu 
of  oak  and  pine  trees  on  Prospect  Hi... 
South  Manor,  on  land  of  E,  E.  Raynor, 
and  i  mile  south  of  his  house.  Con- 
crete monument  under  tower      ,  .   « 

Center  of  white  windmill  on  barn  of  A.  o. 
Farnsworth.  on  east  side  of  Ocean 
avenue  in  Center  Moriches,  one  dIock 
south  of  Center  Moriches  Roman 
Catholic  church  .     ,    . 

U.  S.  Coast  Survey  station.  Tile  drain 
pipe  filled  with  concrete  on  nign«^ 
point  of  Rock  hill,  on  land  of  Mrs.  Allen. 
I4  mile  south  of  and  IH  miles  cast  01 
South  Manor  Presbvterian  church 

On  Long  Island  Railroad  right-of-wa>. 
Manor  branch,  30  feet  south  of  tracK 
and  about  5.200  feet  west  of  Eastpori 
railroad  station,  marked  by  concrete 
monument  . 

18-foot  tower  over  concrete  monumcm, 
30  feet  north  of  railroad  track,  on  ngmj 
of-wav  of  Montauk  division  of  i-oj* 
Island  railroad,  and  about  450  feet  eas 
of  intersection  of  South  Country  roa" 
and  railroad,  half  way  between  Bas' 
port  and  Speonk  v»  ^  nt 

Center  of  largest  water-tank  (^'nji''^  ", 


Roman    Catholic   convent,   m   Center 

Moriches.  »2  mile  south  and  one  mu 

east  of  East  Moriches  railroad  stanm 


5  feet     U.  S.  Coast  Survey  station.     Tile  dra 
pipe  filled  with  concrete  on  Bald  n»- 
2U    miles   south  and  2»i   miles  wc 
of  Riverhcad  .  ...       ,„_j  of 

Hub  on  northwest  knob  of  hiU  on  lanf  ^f 
Flandors  club.   Pa  mUes  northeasi  ^ 
Oakville.  near  lookout   tower  01  a. 


P^'st  ,     J  «/  A  B. 

Center  of  white  windmill  on^»?°.„  street 
Hallock  at  intersection  ot  Mam  sir 
and  Beach  road,  in  Quogue 
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TABLE    49 

Secondary  Triangulatiok  Stations 


Station 


Location 


Structure 


Description  of  Station 


Slender Amity ville. 


Monahan Amity  ville. 


Copiague Copiague. 


Red  House Lindenhurst 


Lindenhurst Lindenhurst 


Green  House. .  .  .   West  Babylon. 


Anderson West  Babylon. 


Blatchford West  Babylon. 


Cockerill Babylon. 


Houseman North  Babylon. .    Windmill  tower. 


Paddle North  Babylon. 

Sammis West  Islip 


Higbie West  Islip. 


Horn West  Islip . 

Thompson West  Islip. 

Hyde Bayshore. . 


Electric Bayshore.  . 

St.  Joseph Brentwood 

Race Bayshore.  . 


Orowoc Islip 


Fire  Line  No.  1 . .    Great  River. 


Fire  Line  No.  2. .    Great  River. 
24-L Great  River. 


Carleton East  Islip. 


Windmill Signal  on  steel  windmill  30  feet  high,  near  east 

side  of  Broadway,  about  H  roile  north  of 
Amityville 

Dwelling  house. .    Center  of  cupola  on  house  of  John  Monahan. 

on  south  side  of  Harrison  avenue,  about 
midway  between  Broadway  and  Albany 
avenue 

Signal  pole Two  by  two  hub,  about  70  feet  south  of  Dixon 

avenue  and  about  half  way  between  Great 
Neck  road  and  Bay  View  avenue 

Red  brick  house .    Center  of  cupola  of  red  brick  house  belonging 

to  Charles  Bassler,  about  ^4  mile  west  of 
Lindenhurst 

Signal  pole Two  by  two  hub  on  west  side  of  Welwood 

avenue  about  1,000  feet  south  of  Straight 
path  (road  to  Wyandanch) 

Dwelling  hotise. .    Center  of  cupola  of  2-story  green  house  (frame) 

belonging  to  W.  P.  Ketcham,  near  Farming- 
dale  road 

Water-tank Signal  on  top  of  water-tank  near  house  of  C.  P. 

Anderson,  on  west  side  of  Great  Neck  road, 
about  }^  mile  south  of  railroad 

Dwelling  house. .    Signal  on  top  of  roof  of  2-story  white  frame 

house  of  Andrew  Blatchford,  on  east  side  of 
road  from  intersection  of  Belmont  avenue 
and  Si.  Udall  road,  to  Little  East  Neck  road 

Windmill Center  of  windmill  (painted  brown)   on  east 

side  of  Deer  Park  avenue  opposite  Si.  Udall 
road,  on  land  of  John  F.  Cockerill 
Center  of  disused  windmill  tower,  on  land  of 
A.  A.  Houseman,  about  200  feet  east  of  east 
side  of  Deer  Park  avenue 

Windmill Not  located  or  marked 

Signal  pole Two  by  two  hub  on  west  side  of  Udall  road, 

about  100  feet  north  of  Muncy's  road 
(Hunters  avenue) 

Signal  pole Two  by  two  hub  on  east  side  of  Udall  road, 

about  550  feet  north  of  Muncy's  road 
(Hunters  avenue) 

Signal  pole Two  by  two  hub  about  200  feet  north  of  Long 

Island  railroad,  opposite  siding  Keith 

Signal  pole  in  tree  Not  located  or  marked 

Signal  pole  in  tree  Two  by  two  hub  near  tall  pine  on  land  of  Louis 

Bossert.  about  .500  feet  south  of  Muncy's 
road,  on  second  private  road  east  of  Manor 
lane 

Chimney  of  Center  of  chimney  of  Great  South  Bay  Water 

water  company.        Co.,  between  Fifth  and  Clinton  avenues 

St.  Joseph's 

convent Center  of  chimney  at  St.  Joseph's  convent 

Water-tank Signal  on  water-tank  of  Bayshore  Horse  Show 

Association,  north  of  Islip  boulevard  and 
about  600  feet  east  of  Awixa  avenue  (Brent- 
wood road) 

Signal  pole Two  by  two  hub  in  38th  street,  about  150  feet 

east  of  Commack  road,  north  of  Brookville, 
on  land  of  W.  H.  Moffitt 

Signal  pole Concrete  monument  set  8  inches  under  ground 

about  one  mile  north  of  Great  River  railroad 
station,  on  Fire  Line 

Signal  pole Not  marked.     Monument  set  at  24-L  instead 

Concrete  monument  about    V^   mile  north   of 

Great  River  railroad  station,  and  700  feet 
north  of  Fire  Line  No.  1,  set  8  inches  below 
ground,  on  the  Fire  Line 

Flag  in  tree 2)^  by  2'-^  hub  near  high  pine  tree.  1,000  feet 

west  of  Carleton  avenue  and  about  one  mile 
north  of  railroad 
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Station 


Location 


Structure 


Description  op  Station 


Cutts Great  River.  .  .  .   Signal  on  tree. 


Southside Great  River. 


Steel  tQwer . 


Connetquot Great  River.  .  .  .   Windmill. . . 

North  Bourne. . .   Oakdale Flag  in  tree. 


South  Bourne .  .  .   Oakdale Signal  pole.. . 

*South  Duncan. .   Sayville Flag  on  tree . 

Say ville  school. . .  Sayville School 


•North  Duncan..   Sayville Flag  on  tree 


Mill Holbrook. 


Windmill. 


♦North  Broadway  Bayport Windmill 

♦South  Broadway  Bayport Signal  on  tree. 

Bayport  school .  .   Bayport School 


Mott Patchogue Flag  on  tree . 

Patchogue  school.  Patchogue Schoolhouse. 

Summers Patchogue Windmill.  .  . 

South  Glover. , .  .  East  Patchogue.    Signal  pole. 

North  Glover. .  .  .  East  Patchogue. .   Flag  on  tree . 

♦Robinson Hagerman Signal  pole. . 


Hill, 


Yaphank Signal  in  tree , 


Hank Yaphank. 


Signal  pole. 


Bellport — M.I.. 
Bellport— M.  3. 
Bellport— M.  2. 
Bellport  church. 


Bellport Signal  pole.  . 

Bellport Signal  pole.  . 

Bellport Signal  pole.  . 

Bellport Church  spire. 


Yap Yaphank Signal  in  tree.. 


2H    by    2H    hub    near    12.inch  pine,  aboui 

1,000  feet  west  of  first  trail  or  road  cast  of 

Great    River   station,    running   north  from 

South  Coufltry  road,  and  H  mile  ^^^^  °' 

railroad 
Center  of  steel  observation  tower  on  Southside 

Sportsman's  Club  grounds 
Pump  rod  of  windmill 
Flag  in  pine  tree  at  intersection  of  Smithtowc 

road  and  road  running  north  to  Bohemia; 

not  cut  down  . 

2H  by  2H  hub  on  west  side  Smithtown  road, 

about  one  mile  north  of  railroad 
2>^  by  2H  hub  about  150  feet  east  of  Moscow 

avenue  and  one  mile  north  of  intersection  o. 

Moscow  and  Carleton  avenues 
Centre  of  cupola  on   yellow  schoolhouse.  on 

west  side  Green  street,  running  south  froi 

west  end  of  Long  Island  railroad  station  at 

Sayville 
2H  by  24  hub  1.000  feet  east  of  Moscow  av?: 

nue  and  one  mile  north  of  interseciior.  c. 

Moscow  and  Carleton  avenues       „      j    ,. 
Centre  of  pump-rod  on  windmill  on  J"^^^*?- 

avenue,    three    miles    north    of   the  y^^-^ 

Country  road 
Centre  of  pump-rod  of  windmill  at  mtersecn-n 

of  Broadway  avenue  with  Wheeler  road 
2H  by  2  »^  hub  about  200  feet  east  of  Broadwaj 

avenue  and  H  mile  north  of  railroad 
Centre  of  cupola  on  yellow  schoolhouse  on  wo 

side  Snedecor  avenue,  about  H  *""*  ^ 

of  railroad  •      ♦«  * 

Nail  in  root  of  tree  near  house  belonging  w  • 

Mr.  Mott  fCir^ir 

Centre  of  cupola  on  school  on  east  side  ot  ucw 

avenue  just  north  of  Long  Island  railrosi. 

This  is  a  U.  S.  Government  secondary 
Centre  of  pump-rod  on  square,  boxed-in.  wc 

windmill  on  land  of  Admiral  Summer 
2  hi  by  2  4  hub  about  250  feet  north  of  tJaJ^  ; 

avenue  and  200  feet  west  of  Robinson  s  r^-- 
Located  north.  1.050  feet  of  Barton  avenue  an^ 

100    feet    west    of    Robinson's    road;   "  - 

cut  down  _  .  L--,,* 

2 H  by  2  H  hub  on  road  from  East  Pa<-<^"?*^' 

to    Yaphank.    about    one    mile    west   ir^ 

Dunton  avenue  ,      .„  of 

Located  at  summit  of  hill  on  south  ^^^ 

clearing,  about  200  feet  east  of  s«<^.^"^ Jj  ^f 

road,  running  north,  about  one  nj"5 ,;  ,  ..„ 

Coram  hill;   south  of  Judge  Bartlett  s  la^ 
24  by  24  hub  under  giant  pine  in  woods.^^H. 

feet  northwest  of  intersection  ol  "^°T  jQ^th. 

and   wood   road   running  north  ana 

about  li  miles  east  of  Coram  hul  ,   -j 

2M  by  24  hub.  one  mile  north  of  ra"*^*,/ 

about  1.000  feet  west  of  Bellport  a;^«"y,^f^d 
24  by  24  hub.  1.200  feet  north  of  ram 

and  l.rjOO  feet  cast  of  Bellport  avenue        , 
24  by  21. i  hub.  1.2  miles  north  of  railroso 

0.6  mile  east  of  Bellport  avenue  ,      .uurch. 
Centre  of  spire  of  white  Presbyterian  cnu^ 

on  the  north  side  of  South  C^V,iJrt 
nearly  opposite  Rector  avenue,  aenv  ^^^^  j,„ 
Signal  in  tree  on  summit  o^]**^  f  r-rman's 
Vanderbilt  estate,  on  east  side  oi  ^   ,  y^p, 
river  and  about  one  mile  northwest 
hank  post-office 
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Poor  farm Yaphank Water-tank Centre  of  vane  on  water-tank  of  County  poor 

farm,  about  >i  mile  northwest  of  Yaphank 
railroad  station 

North  Brook ....    Yaphank Signal  pole Located  600  feet  west  of  Brookhaven  road, 

about  0.7  mile  south  of  Yaphank  poor  house. 
Not  marked  by  hub.  but  by  azimuth  stakes 
near  South  brook 

South  Brook.  .  . .   Yaphank Signal  pole Located  500  feet  west  of  Brookhaven  road, 

about  1.2  miles  south  of  Yaphank  poor  house, 
on  land  of  P.  Terwillinger.  Not  marked  bv 
hub.  but  by  azimuth  stakes  on  line  to  North 
brook 

West  Hawkins.. .   Brookhaven Signal  pole Located  500  feet  east  and  about  700  feet  north 

of  junction  of  South  Country  road  and 
Brookhaven  to  Yaphank  road.  Not  marked 
by  hub,  but  by  azimuth  stakes  on  line  to 
East  Hawkins 

East  Hawkins. . .    Brookhaven Signal  pole Located  900  feet  east  and  about  2,000  feet 

north  of  junction  of  South  Country  road 
and  Brookhaven  to  Yaphank  road,  on  east 
side  of  cleared  field  on  land  of  Miss  Emma 
Hawkins.  Not  marked  by  hub,  but  by 
azimuth  stakes  on  line  to  West  Hawkins 

West  Haven Payne ville Signal  pole Two  by  two  hub,  IH  miles  east  of  Carman's 

river,  and  1.8  miles  north  of  South  Country 
road.     Point  is  600  feet  east  of  wood  road 

East  Haven Payneville Signal  pole Located  IH  miles  east  of  Carman's  river  and 

1.7  miles  north  of  South  Country  road. 
Point  is  1,000  feet  east  of  wood  road.  Not 
marked  by  hub,  but  by  azimuth  stakes  on 
line  to  West  Haven 

Payne Payneville Signal  pole Located  IH  miles  east  of  Carman's  river  and 

0.4  mile  north  of  South  Country  road.  Not 
marked  by  hub,  but  by  azimuth  stakes  on 
line  to  Mastic 

West  Wheatling.    Moriches Signal  pole Located  40  feet   west   of   Forge   River  road, 

between  Twin  lakes,  about  ^  mile  north  of 
South  Country  road,  on  land  of  R.  L.  David- 
son. Not  marked  by  hub,  but  by  azimuth 
stakes  on  line  to  East  Wheatling 

East  Wheatling. .   Moriches Signal  pole Located  600  feet  northeast  of  Forge  River  road, 

between  Twin  lakes,  about  V^  mile  north  of 
South    Country    road,    on    land    of    Henry 
*     Walterling.     Not   marked  by   hub.   but   by 
azimuth  stakes  on  line  to  West  Wheatling 

Prospect Moriches Signal  pole Located  300  feet  south  of  road  between  Twin 

lakes.  0.7  mile  north  and  0.7  mile  northeast 
of  South  Country  road.  Marked  by  azimuth 
stakes 

Forge Center  Moriches.  Signal  pole Located  on  land  of  W.  F.  Smith,  H  mile  north 

of  South  Country  road.  Not  marked  by 
hub,  but  by  azimuth  stakes  on  line  to  Terry 
No.  2 

Marcher Center  Moriches.  Signal  pole Located  on  land  of  C.  A.   Marcher,  0.9  mile 

north  of  Center  Moriches  railroad  station 
and  1,200  feet  west  of  road.  Not  marked 
by  hub.  but  by  azimuth  stakes  on  line  to 
Terry  No.  2 

West  Center.  .  .  .    Center  Moriches.  Signal  j>o\e Located  on  railroad  right-of-way,  30  feet  south 

of  track  and  30  feet  cast  of  express  house. 
Not  marked  by  hub,  but  by  monument  on 
line  to  East  Center 

East  Center Center  Moriches.  Signal  pole Located  on  railroad  right-of-way,  40  feet  north 

of  track  and  2.530  feet  east  of  express  house. 
Not  marked  by  hub.  but  by  monument  on 
line  to  West  Center 

Reeve East  Moriches.. .    Windmill Center  of  brown   windmill   tower  on  land   of 

H.  M.  Reeve,  one  mile  north  of  East 
Moriches  railroad  station 

Roman    Catholic  East  Moriches...    Roman  Catholic    Center  of  light  grey  spire  of    Roman  Catholic 

church church church,  on  the  east  side  of  the  South  Country 

road,  2.000  feet  east  of  East  Moriches  rail- 
road station  and  1,000  feet  north  of  railroad 
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Steinker Eastport Water-tank  tower  Center  of  white  tower  carrying  water-tank  on 

land  of  Charles  Steinker  on  Manor  road, 
H  mile  northwest  of  Bayside  Inn  and  H  ^^^ 
northwest  of  Eastport  railroad  station 

Seatuck Eastport Signal  pole Two  by  two  hub.  LW  feet  west  of  wood  road, 

H  mile  west  of  Long  Island  Country  Club 
and    /o   mile   north   of  North  Country  road 

Bald  road Eastport Signal  pole Nail  in  root  of  tree  600  feet  west  of  first  wood 

road  west  of  East  Branch  creek  and  1 H  miles 
north  of  North  Country  road 

Fordham Speonk Windmill Center  of  brown  windmill  on  land  of  W.  H. 

Fordham,  600  feet  south  of  Speonk  railroad 
station 

Remson Speonk Signal  pole Located  1 ,500  feet  east  of  East  Branch  creek 

and  1,000  feet  north  of  North  Country  road. 
Not  marked  by  hub.  but  by  azimuth  stakes 
on  line  to  Terry  No.  2 

Westhampton         Westhampton. .  .    Church Center  of  tower  on  southeast  corner  of  Metho- 

church dist  church  on  the  north  side  of  Main  street, 

midway  between  Speonk  river  and  Beaver- 
dam  creek 

East  Spire Riverhead Church Center  of  east  spire  of  Polish  church,  on  the 

north  side  of  Cemetery  avenue,  about  1,500 
feet  west  of  fair  grounds 

Beaver Westhampton. .  .   Signal  pole Located   150  feet  west  and    H   mile  north  of 

intersection  of  railroad  and  South  Country 
road.  Not  marked  by  hub,  but  by  azimuih 
stakes  on  line  to  Osborn 

Deacon Westhampton. .  .   Signal  pole Located  400  feet  east  and   1 H  miles  north  ol 

intersection  of  railroad  and  South  Countrj' 
road.  Not  marked  by  hub,  but  by  azimutli 
stakes  on  line  to  Osborn 

Court  House. .  .  .    Riverhead Court-house.  .  .  .    Center  of  cupola  of  court-house  on  the  west 

side  of  Grifhn  avenue  near  Riverhead  railroad 
station 

Tower  mill Riverhead Tower    of    grist-  Center  of  tower  on  northeast  corner  of  F.  L. 

mill Griffin's  grist-mill,    on    the    west    side    of 

Peconic  avenue  and  north  side  of  Peconic 
river  . 

Hampton Westhampton. .  .   Signal  pole Two  by  two  hub,  200  feet  west  of  second  road 

east  of  Westhampton  railroad  station,  and 

3.000  feet  north  of  railroad 

West  Head Oakville Signal  pole Two  by  two  hub  on  north  side  of  hill.  100  feet 

west  of  bicycle  path  from  Quogxie  to  River- 
head and  N.  Y.  &  N.J.   telephone  line  and 

3.1  miles  south  of  Peconic  river  ^ 
Oak Oakville Signal  pole One  by  three  pine  hub  on  stadia  line,  ^Mj  "^*lf« 

north  of  Quogue  railroad  station  and  30U 
feet  west  of  Quogue  to  Riverhead  road. 
Station  619  AA  on  traverse  line 


♦Hubs  have  been  replaced  by  concrete  monuments 


t  LlndeDhurst. 


t  Linden  hurst. 


1   Norlli  Bsbflnn. 


station  "Shprman" 


station  "Keith" 


"IsUp"  (coal  elevator)  a 


station  "Oskdftle"  (windmill)  bI  Oakdalp. 


Smtfon  ■■PaichoguB" 


c  railroad  station. 


'■  Farnnworth '"  (windmill)  at  Teincr  Morlrhes. 


'""""■"""""  »'E8Bt  Moriches. 


r 


siBlion  "  Wilkinson  ■■  Iwlndmlll)  at  Wrsthampwn. 


station  "Hallock"  (nlndmllt)  at  Quogue. 
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TABLE   52 


Prom  1    To 

AZIMUTH 

DISTANCE 

ELEVATION 

COORDINATES 
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HOSPITAL 

I36-38-30L3 

256. 3B 

N.     4  905.896 
E.  150  964.724 
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H.I 

H.I 

H.Z 

7-J4--50.0 

631.14 

26.60 

N.     4  119.49 
E.I5I   140.14 
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H.a 

A 

210-  56-00.0 

5  1 1 .41 

31.20 

N.     5  344.62 
E.I5I  221.64 

H.t     HA 

zne-zi-aco 

879.07 

N.      4  8  18.3 
E  130  26  7.2 

ST.  DOMINIC 

226-07-22.4 

977.23 

N.    12  243.660 
E.\56  399.455 

^ 

D.I 

D.I 

D.i 

26    21-42.4 

895.9t 

N.    11  566.33 
E.  155  695.05 

D.2 

A 

112- 14-52.4 

331.26 

N.  12  369.08 
E.I56  092.66 

WELLWOOD 

94 -Z4 -59.1 

366.49 

N.     I  51  9,393 
E.  164  87  3.917 
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W.I 

W.I 

W.t 

345-56-29.0 

546.36 

N.     \55».OI 
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E.I65  \08.67 
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STATION 

AZIMUTH 

DISTANCE 

ELEVATION 

COORDINATES 
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232-05-47J6 
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E.2I3  163.06 

CLE 

A 

351-13-326 

5  432.08 

N.  37  250.81 
E.2I3  580.53 

-A-n 

<.h-9- 

196-46 -02X) 
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N.  4-2  526.178 
E,2I2  285. I3i 

a  5 

C.1.4.. 

551- 26-49.5 

361.43 

N.42  335.50 
C.2I2  228.77 

CI.  4 

^ 

147-10-58.7 

203.18 

N.  4Z  696.93 
E.2.IZ  175.02 

EAST  ^SE 
VULCANITE 

I95-34--08.I 

14.      M«07.2d 
L.  t«7  3«9.  SO 
N         99IO.ZO 

e.iftSiS'L.  16 

TO 
ST  DOMINIC 

273-19-12,1 

N.    )Z24-3.66 
E.I563S9.46 

WEST  gASE 
VULCANiTt 
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N.    I124>3.66 
£.156333,4(9 
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1  STAT 

TTirn 

A2IMUTH 

DISTANCE 

ELEVATION 

COOROlkATES 
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SLENDER 

310-01-4-63 

265.60 

N.     11560.03 
E.  (49994.41 

Z 

® 

51.1 

o 

Si\ 

SI.  2 

172-04-32.9 

^eii.io 

N.    11709.31 
E.I4972L46 

512 

9 

36-05-16.3 

356.48 

N.   \  14U.8S 
E.  1497  74.00 

zu 

MONAHAN 

4-2-06-26.9 

151.53 

N.     8168.06 
E.I527I5.89 

ox 

9 

M.I 

M.I 

M.2 

281-00-453 

224.12 

36.06 

N.     8280.48 
E. 152817. 49 

JO 
i9-r 

M.E 

O 

32Z-40-IO.3 

195.22 

36.91 

N.    8323.29 
E.IS2597.5I 

COPAlCUe 

29.03 

N.    4716  .46 
C.155847.05 

RED  HOUSE 

147-27-  ISO 

2040.74 

N.    5927.89 
E.I  59525.91 

e 

RHI 

RH.\ 

R.H.2 

246-33-550 

717.46 

N.    4207.62 
E.160623.78 

z 
o 
u 

RH.2 

O 

347-45-40.0 

2028.56 

N.    3945.43 
E..i599SS.95 

UJ 

(0 
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itATION 

AZIMUTH 

DISTANCE 

ELEVATION 

COORDINATES 

® 

Trom  1   To 

UNOENHURST 
ROAD 

2  81- Id -36.6 

ST  DOMINIC 

39.30 

N.    11226.49 
E.  Tftl  477.S3 

z 
o 

GREEN  HOUSE 

I37-49-IO.0 

22  2.90 

N.   14  029.25 
E:  169.  425.90 

H 

O 

G.H.I 

ZbJ 

GKI 

&H2 

292-K-OO.O 

431.07 

34.91 

N.  13.864.07 
C.I69  575  .'57 

CH.2 

0 

89-31-30.0 

249.36 

33.60 

N.  14  027.18 
E.I69.I76  .55 

or 

-io 

ANDERSON 

54-28-56.5 

311. 86 

N.    7  406.75 
E.I72  265.62 

0 

A.I 

8^ 

A.I 

A.2 

166-54-06.5 

373.27 

N.    7  587.92 
E. 172  519.45 

A.2 

9 

2  90*  19- 16.5 

384. 44 

N.    7  224.36 
E.I72  604.04 

BIATCHFDRO 

168 -05-38.0 

224.59 

N.  12  585.00 
E.I72  627.67 

9 

Bll 

2 

B(l 

B(2 

322-08-38.0 

407  04 

25.09 

N.   11365.19 
E.I72674»0I 

z 
o 
u 

61.2 

O 

116-32-280 

22743 

25.32 

N.  12666.57 
£.17  2  42421 

<0 
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AZIMUTH 

DISTANCE 

ELEVATION 

COORDINATES 

^ 

COCKERILL  1 

226-53-l4.a 

7A.1.2Z 

N.    I6  94S.96 
E.I79  441.91 

• 

CI 

C.I 

CZ 

346-16-31.8 

546.46 

27.46 

N.    1643^37 
E.l7690a7e 

C2 

• 

92-14-41.5 

67I.A-3 

N.     I6972.2G 
E.178770.99 

HOUSMAN 

237-32-57.1 

615.41 

N.  23  590.30 
E.I79  801.23 

• 

Ho.l 

Ho.) 

Ke.2 

5-20-27.1 

32468 

N.  23  260.09 
E.I79  28I-9I 

Ho.Z 

• 

63-U-I2.I 

469.14 

N.  23  583.36 
E.I79312.I4 

m 

H.5 

79-23-21./ 

4«42.77 

N.  23  590.30 
E.I 79  801.23 

Hb.5 

Ho.4- 

201-06-311 

S28.99 

N.  24  500.45 
E.I84  659.46 

Ha4- 

• 

264-  53-51.1 

4606.03 

N.  24  007.07 
E.  184  466. 69 

PADDLE 

N.  29  494.49 
C.I 60  549.38 

Z 

o 
ox 


z 

8 

kJ 
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AZIMUTH 

DISTANCE 

ELEVATION 

COORDINATES 

^ 

Fhem  1   To 

SAMMIS 
HtGBie 

22-04-288 

SIZ,36 

3».75 
4.0.0Z 

E. Itt  27«   .40 
E.l«9  4«*  .OS 

HORN 

25.35 

N.  14  833.15 
E. 186  706.27 

THOMPaON 

N.  25  190.36 
E.I90  464.16 

HYDE 

39^7 

N.  21  8S9.76 
£191  6  86:47 

ELECTRIC 
STACK 

N.   20  916  .60 
E.  I95  85S.52 

STJOSEPH 

N.  37835.27 
E.XOII07.0b 

RACE 

207-  14-12.8 

1001.60 

N.  25  537.52 
E.202  382.92 

• 

Rl 

RJ 

a2 

349-AO-4I.9 

1 1  Z9.69 

^OTA- 

N.  24  646I.9  6 

£.201924.49 

R.2 

• 

l08-28-04« 

6-^6.71 

3SZ0 

N.    25  758.22 
E.20I722.O9 

OROWOC 

3(».6l 

N.  30  32A.8A 
C.  205  329.28 

RED  HOUSE 

SZB'5Z'0S 

2079.69 

N.     5  927.89 
E..I59  925.91 

• 

SA3 

flH3 

R.H4 

16-e0-4^5 

723.78 

9A.80 

NL     7  726.73 
E.158481.82 

an.  4 

0 

no-n-05 

1998.96 

33.33 

N.      7  897.59 
E.I  59  185.17 

CO 

z 
o 

p 

Ox 

<^ 
^^ 

z 
o 

u 


B.W.S.  482 


632 


TABLE    54 


lOCAttTY 


^rAT/QAf 


caa^wNAT^  ii^S^I^ 


/?£SC/r/pr/oyY  «/•  a//. 


m 


z 
o 

5 

O 
X 

i 

■ 


We»T  Of.  RR5ik 


I5LIP 


25,668  906 


/4.0S2 


RALCH-ESioe 
Oarukton  ^«c 
'AriSo.ofSlu 


CENT  I5UF 


42,6Z6I7S 
\tlt,28S.I5l 


an.   At  3rA/(e  */  - 


60146 


CUTTIN05.W# 
C.  of  6<tT.  RiV. 
rl.oF.  UlRR. 


CUTTIN6 


2tZ/fl6440 


2^.SZ5 


BifLT.  in  Roor  or  Maplc.  £  of" 
Oarl£T9H  Aye  -  4o'/^a  op  A3tA 


a/f- 

HE,00R,-N£  FOyHOATIOM. 

3e£  Nores 


A^S, 


FCDOURNE'S. 
W.n.    NlLAkVl 
OAKOAUC 


OAKDALE 


2t,5360S8 

zsza4t6/6 


I9.06Z 


Az.  5fAH£  */     6  fr  N.  of  L iRR 
SmeNoTmm,  MAY  5 


Cop  Cupola 

HOttftC  N.OF, 
UR<?.  AT  CURVt 


RONKONKOMA  f542/7 


2^3 


105.651 


^TAKC    AT  eNO     Or3A9£lttf€\ 


Lacc  Miki. 
WTank.  W. 
Part,  of  Patcji 


PATCH0GUE26 


95,767297 

I/. 


Tower   Ooo' 


HOLTSViaE 


3iSf7B97 
256^920  4f 5 


14-521 


BlM:  Bolt.  tM  Lapoer  Leo.  of 
PATcHjO^*/e.  Tamil  at  4  57^ 

tll%TMSk 


O 


io6B55 


S 


a//;    Az 


5TAH£:  UNO£i 


'or0A  Af^X 


t.AN6Lf£Y*. 

WiNO  MlLk 

BgLi-PoaT 


Bellport 


54M7.125 

251  m  ^^ 


31  72 


4M.rl.of  Bpoit 
WTahk.  LiftR 
Apt.  EKp&t-A 


PLAINFLD 


5SM9554 
277J22655 


i06B29 


Ground  uno£R  towcr 

3i£  Afcrra  MAirtA 


S.V^.OoR.  OF  ConcRere. 
3K'  FouvoATioH    OF  Tower 


NOTCI    Akb 

Clbwation* 
^wS^  Qatuh 
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A9.ft^urH 
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SAY^/Ll,£. 


\l44-/6AOS 
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»if)co/-f>o*f9€  on 


3AY/^WtT 


SC/ZOOJL 


mill.  Wtnd-mi//^ 
tank  Stmihr^C^tm 


aimvf  one  mite 
W.ofOakrfmlo, 


C^Aff^£ratfa^  • 


/gI09L  7/ 
lZt03J.lS 


Af/l.t. 


Z4S/9?.Si 


Genttr  of  p*inf^'ro€t 
On  *f^/nrf  miU  on 
6  twiif  A  ^€,3mM.ac.k  { 


Afo 


\2S7^774a 


f/af  /n  froo  noar 
hovo  iifMrAfoft. 


^TCHOC4/r 


34JSA7S. 
[gf4J£3ii 


€S  S>s/^ 


/A  S3 
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om'AwffmttU* 


/?^smsort 


40€£A,3S 

17€/4S.8€. 


^fotrmY^mynt/n/ctrti/ 


B£LLPdm 


33€9S^9 


atotf^o^on^ 
'TO  Ao/Zm/Us 
/f.  ofSarrt//0. 


Dut^CA^i^M 


3ZB0ZOa 
Z'4Ji306.S4. 


^B.^*S? 


^^..^^-.^gg 


^t^*^  /ffN  of /at  Of 


0PO  M0f  MtffS 

ffafStjfi^rne. 
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j^r/fT/af/ 


Q04ffi0fif4m 


£££lf^rfS^ 

^fSr.^fCJF 
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?£ 
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B^CAD WAY  ^ 
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£4St£79S3 
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CuTTsAz.  Pr. 


3 f  735 -^9 

Bi7397.7Z 
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€»tf  Af/cAoftte. 


CL0V£/9  O 


4403/.0/ 
Z74///.7/ 


SSS/B 


QQ-^S'4tQ 


i>f^fgrfo^/fi4tajsee-f¥: 
o^^b4tir9o^:t  /tttg^ 


£9aif  ^tb^offur. 
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Pa.^ 
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P/i.B 
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j^ 


F/i4 
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3074.07 
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SL£:v>KT/a// 


/4.S£7 


3  €.84/ 


34/87 


/-s-J^r 


S/309 


4f-535 


/o3e>3t 


Coc^xf/AtA  r£S 


ffcsc^/p-r/OA^ 


8S7S7287 
261688366 


38,743.37 
Z6^//S./8 


3  8,  6  f  9. 04 
e6C>  0/8.  04 


357^72^7 


37888S8 
2S4,88S64 


34,8/S£S 
2S4SS2  43 


4i^83. 42/ 
2J32/7.Z03 
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Po2 


?0'2f-S84 


74/.07 


/Ot./25 


4^5  95.64 
232,096i53 


si/ate  x^Aai  or 


A/*>/*.  C?//a/eirA  7//ai/xs  y^^Ac^^  f^o  /)/  r^.  y^s  0/4^/^^  r 
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.^at^^^UM/nr 
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//r4.// 

Si:OZ 

t9oo^s.sr 

0 

RF.  / 

/=^2 

& 

24  35  57.2 

M60.67 

S27S4 

S6S6£.4S 

/OyT/ 

/»/r2 

2sr-  36^44 

728.73 

SO.9^ 

S7/£S/£ 
28010282 

/^ONHONHOMH^ 

83-0/-462 

l72ChO 

4%993.42/ 
2332/7.203 

A 

/fo4 

/fi>3 

^ 

263'0/-46.2 

72635 

SO,oa/S7 
233,  S36J6 

/'To^HMne/rt/fi/fff 
t^//b/l^v^/eA 

/ro4 

/To  3 

263-0l-46£ 

99  9.95 

sa202.9a 

234930.74 
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^ 


ZBE 


rv 


ffZ/MUTH 


OOWNCE 


£:L€Y/9Ti0fk:OOffO/NffT£3 


0£5cmpr/oAf(j) 


GCLLPOffT 


6M 


ff£ 


ssz-ss-n-i 


2^7.305 


£i 


^6-^7-302  ^7S.03€ 


A/3^2^T/26 
£207/7/25^ 


t2eeC97J23 


BXZOaKhub.3, 


Z 

o 

p 
u 
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10 

I 


D 


i?^ 


3N 


229-^9-02:7 


396.7^2 


AT^^JfC 


^ 


/V/ 


^9-/0-SAS 


323-^90^ 


r^2 


Zi 


/e8'3f'^9 


37/./7 


2XZOoK/H/di5o. 


M(*yn^9fQfi%  , 


A^'^e973J^9 

C3oee23J/e 


isa^i 


A^933e.9tO 
£SOeff^93O0 


A7/ 


r72 


2SS"S^-/i.5 


723  70 


^j^VA/p/^ 


^ 


/T-^ 


/?/ 


33-03'//5 


^^^©.7// 


^^ 


/7c>-/6-393 


3/952S7 


f^95/3^93 
£3a720i292 


/^6'9e02.^^o0ti^ 

£3/55790^9 


H€GOOl7e7 
£3i5<yH>OS/ 


/^J 


/f2 


2eO-3/'M9 


/3S9£7^ 


\/V60ee3299 
£3/0039.30^ 


£StASf^ 


/?^ 


/r3 


250-^3-551   500. 5/e 


^60^39'€75 
€3f^7i0.75/     \fo/^, /To/ror. 


^^^25«?^ 
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TO 


/fZ/rfOTH 


D/3mf^£ 


aCWITfON  \xXMfO/Ai/fT£5 


0£5CFfPTfON  © 


F3 


R< 


257-^5-261 


/^9'203 


£Cf 


A/C/ 


2G'0^-'^A^ 


^3e2.23 


2^ 


/  73-22-227 


3/2S.e7 
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£3/6/03-/93 


/V47f07. 90 


AJhTA-./teA 


A/5a5/2e9 
£32032303 


Z 

O 

QC 


ifC/ 


/•c/ 


252'52-097 


2523.90 


(70Ay\/£/^r 


^^ 


CI 


/e'5^5797 


573  970 


//5/ 25 072 
£3237^/9^ 


of^J/Mro/W.joo 


//5033ei9/^  }C€nt^r<^/<?f^^ 
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C2 
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6J(6/7?g/?.  on£, 
opp09i/k(jbft\^ff?r 
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u 


< 
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C2 


333-33/997 


iOO/n 


A/S0935'557 
£3307^56/9 


WfU<//^30N 


^ 
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3^'07'565 


/e7 2.993 


A/52S52'5^6 
£36/566.566 


C^nf^ro/'H^fO^M/ 

o£ikr/J^Mf/KihJor^ 

0/?ecK. 


W2 


^ 


305'36'y/6 


/66^/93 


A// 


A/a 


/90'/6-OO-7 
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STMT/D/i/ 

Azimuth 

DiSTANCE 

ELEVATfON 

COOftD/NATES 

DESCRfPT/ON  (5) 

/>»-.    1    r. 

Baloroad 

171-32-264 

43634 

67,368./! 
349,/ 64.69 

l'16m/t»uhS0' 
westoftrai/ 

Second arv  mmrliod  bm 
Sp  ikm  in  rotfaftre^. 

B.I 

© 

SOUTHBROO/( 

I7Z-Z9-03.2 

29.88 

S/,705  534 
29/,095  0/8 
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SB/ 

® 
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® 

/72 -39-03  2 

306.74 
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2-2  Oa/i  Hub 
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® 
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9  SO. 7  8 
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2  90,97722/ 

6mS  Con.  Mon. 

WestHawhms 
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17.92 

4S.30O  089 
292,333  606 

2'2  Oak  Hub 

WH.I 

© 

WH.2 

@ 

/97-(fa'0fJ 

J/644 

45.97  7  264 
292.300.47/ 

2*2  Oak  Hub 
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J7-08-0/.3 

5.24 

46.  969.290 
292,606.29 
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Emma  Hawkins 
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® 

£H2 

@ 

/7-  06-0/3 

343  56 

46.644.054 
292,706.026 

2*2  Oak  Hub 

PA) 

^/V£ 

//-26-J2Z 

11.72 

S7.47 

3 1.207. 121 
307,076.258 
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Rl 

® 
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© 

//  -  26  -32.3 
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STATtOM 

AZ/MUTH 

Dt  STANCE 

Eleyat/on 

COORO/A/ArCS 

DESCP/PnON^ 

Ffm     L     '"• 

EASr  HAVEN 

/32-29-40./ 

/e.86 

38,033.297 
306,013.249 

2'2  Oak  Hub 

EH./      © 

^ESTWHunm 

247-03-332 

/6.80 

S3,/93J42 
3/3  692.259 

2'2  Oak  Hub  on 
property  of 
HL.Oa¥iSon 

W.W./      © 
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67- OS -33.2 
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380/ 

33^496.303 
514,603443 

2^2  Oak  Hub 

EM/     ^ 

E.\N2      © 

67-  03-332 
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34.4-6 

33,362.14 
3/4,287.44 

2*2  Oak  Hub 

PROSPECT 

t82-SS'37./ 

11.77 

36,962.299 
3/3,/76.226 

2m2  Oak  Nub 

P/       © 

B2       ® 

/62-3337./ 

363.90 

37,3/9.960 
3/3,/94.S/3 

2-2  Oak  Hub 

R3      © 

/S2-J3-37./ 
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2-2  Oak  Hub 
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H.1     A 

60-24-29.6 

/  067.91 
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TABLE   58 
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TRIAXGULATIOX    WORK  643 

Conditions   of    Coast    Survey    Stations   Investigated   in 

Suffolk  County 

welwood's  ci;poLA.  Octagonal  cupola  painted  gray  on 
2-story  frame  dwelling  house  of  F.  D.  Neville,  near  northwest 
corner  of  Merrick  road  (Main  street)  and  Broadway  in  Lin- 
denhurst  (formerly  Breslau).    Unchanged. 

BRESLAU  YELLOW  SPIRE.  Church  is  south  of  railroad  track 
and  about  J4  mile  west  of  station  in  Lindenhurst  (formerly 
Breslau).    Reported  to  have  been  moved. 

BRESLAU  WHITE  SPIRE.  St.  John's  Lutheran  church  painted 
gray,  on  the  north  side  of  Palmer  avenue  (formerly  Fallers 
Laben  avenue)  opposite  School  street,  Lindenhurst.  Ap- 
parently unchanged. 

BABYLON  BAPTIST  CHURCH.  Most  westerly  spire  in  the 
village,  is  painted  light  gray  with  green  trimmings.  Church 
is  on  the  northeast  corner  of  Carll  avenue  and  Main  street 
(South  Country  road).    Unchanged. 

BABYLON  METHODIST  CHURCH.  Church  Stands  on  east  side 
of  Deer  Park  avenue  on  the  corner  of  James  street,  a  block 
and  a  half  south  of  the  railroad,  and  is  painted  yellow.  Un- 
changed. 

BABYLON  PRESBYTERIAN  CHURCH.  Tall  whitc  spire  with 
clock,  on  the  north  side  of  Main  street,  just  east  of  Deer  Park 
avenue.    Unchanged. 

BABYLON  EPISCOPAL  CHURCH.  The  most  easterly  spire  in 
Babylon  (is  really  in  West  Islip),  on  the  north  side  of  South 
Country  road,  about  ^  mile  east  of  Babylon.  Church  has 
been  covered  with  concrete  stucco  and  is  of  a  gray  color.  Un- 
changed. 

RULAND.    Hubs  in  place  as  described.    Unchanged. 

BAYSHORE  STONE  SPIRE.    Church  has  been  moved. 

PATCHOGUE  SCHOOLHOUSE.  Two-story  frame  building  with 
cupola  painted  dark  brown,  on  east  side  of  Ocean  avenue,  just 
north  of  railroad  and  about  500  feet  east  of  station.  Un- 
changed. 

BELLPORT  CHURCH  SPIRE.  White  spire  of  Bellport  Presby- 
terian church  on  the  north  side  of  South  Country  road  (East 
Main  street)  just  east  of  Rector  avenue.    Unchanged. 

osBORN.  Station  on  Thomas  Osborn's  hill.  Tile  drain 
filled  with  concrete  was  found  in  good  condition.  Reference 
stakes  not  looked  up. 
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TERRY.  Tile  drain  filled  with  concrete  and  reference  stakes 
found  in  good  condition. 

MASURY  WINDMILL.  This  Station  was  burned  about  four 
years  ago. 

MORICHES    METHODIST    CHURCH    SPIRE.       This    church    waS 

moved  in  1907. 

MORICHES    PRESBYTERIAN    CHURCH    SPIRE.       This    SpirC    haS 

not  been  changed  since  1886. 

BROOKLYN  HOUSE  FLAGSTAFF.  This  building  was  burned 
in  1907. 

EASTPORT  CLUB  Hou^E  ( WINDMILL).  This  Windmill  is  Un- 
changed. 

Conditions  of   Coast  Survey   Stations   Investigated   in 

Nassau  County 

piersall's  METHODIST  CHURCH  SPIRE.  Tall  tapering  gray 
spire  on  the  east  side  of  Washington  place,  L)mbrook,  between 
Merrick  road  and  the  Montauk  division  of  the  Long  Island 
Railroad.    Unchanged. 

ROCKVILLE      CENTER      METHODIST      CHURCH.       Church      waS 

burned  about  10  years  ago  and  has  been  replaced  by  another 
church  building. 

baldwinsville  METHODIST  CHURCH.  Tall  tapering  white 
spire  of  church  on  the  north  side  of  Merrick  road,  about  J4 
mile  south  of  Baldwin  station.    Unchanged. 

FREEPORT  PRESBYTERIAN  CHURCH.  Church  on  the  wcst  sidc 
of  Church  street,  between  Pine  street  and  Merrick  road  south 
of  Freeport  station ;  it  is  painted  gray.    Unchanged. 

fry's  cupola.  Square  cupola  surmounted  by  finial  on  gray 
French  roofed  house  on  the  northeast  corner  of  Bellmore  ave- 
nue and  Merrick  road  in  Bellmore;  now  owned  by  G.  F.  New- 
land.    Unchanged. 

episcopal  SPIRE  (souTH  OYSTER  bay).  Small  octagonal 
spire  with  gilt  cross  on  Episcopal  church  on  the  north  side  of 
Merrick  road  about  ^  mile  east  of  Massapequa.  It  is  partly 
surrounded  by  trees  that  are  nearly  as  high  as  the  top  of  the 
spire.    Unchanged. 
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APPENDIX    B 

SECONDARY   LEVELS 

BY  JOHN  L.  HILDRETH,  JR.,  ASSISTANT  ENGINEER 

In  order  to  obtain  bench-marks  for  closures  of  the  stadia 
traverses,  and  to  secure  elevations  of  water  in  the  wells  and 
in  the  streams  and  ponds,  secondary  lines  of  levels  were  run 
from  the  base-line  and  primary  circuits  established  from  the 
Smith  Pond  bench  of  the  Department  of  Water  Supply,  by 
Assistant  Engineer  Goodman  in  1906  and  1907. 

Primary  Bench  Levels 

In  accordance  with  the  recommendation  of  the  latter,  in 
his  report  of  February  16,  1907,  standard  bench-marks  were 
subsequently  placed  at  Melville,  Babylon,  Patchogue,  Center 
Moriches,  Westhampton,  Port  Jefferson,  Lake  Grove,  Ridge 
and  Yaphank ;  and  bolts  were  set  in  permanent  masonry  struc- 
tures at  Blue  Point,  Wardenclyffe,  Brookhaven,  Riverhead, 
Calverton  and  Great  River.  The  elevations  of  these  new 
primary  bench-marks  are  shown  in  Table  61,  page  658,  which 
may  be  considered  as  supplementing  the  report  of  Assistant 
Engineer  Goodman  of  February  16,  1907.  The  primary 
bench-marks  previously  reported  are  shown  in  Table  60,  page 
649. 

All  elevations  in  these  tables  refer  to  the  datum  plaqe 
assumed  for  the  Long  Island  work  in  1907,  which  is  1.72  f^et 
below  that  of  the  Brooklyn  Water  Department,  on  which  As- 
sistant Engineer  Goodman's  first  work  of  1906-1907  was  done. 

Secondary  Levels 

For  the  secondary  levels,  small  parties  were  made  up  at 
the  three  offices  maintained  at  Babylon,  Patchogue  and  Center 
Moriches,  respectively.  These  level  parties  comprised  an  in- 
strument man  and  one  or  two  rodmen.  An  18-inch  Buff  and 
Buff  "  Dumpy  "  level  with  one  horizontal  wire  was  used,  with 
either  target  or  self-reading  rods.  The  target  rods  were 
divided  to  ^V  ^^^»  ^^^^  vernier  reading  to  half  hundredths, 
the  thousandth  being  estimated.  The  self-reading  rods  which 
were  used  on  a  few  of  the  runs  were  10  feet  long,  4  inches 
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wide,  134  inches  thick  at  the  bottom,  and  J^  inch  thick  at  the 
top  stiffened  by  a  strip  %  inch  by  134  inches  screwed  to 
center  of  the  back;  these  rods  were  graduated  to  tenths  and 
2/100  foot,  and  proved  much  more  satisfactory  than  the  target 
rods,  and  gave  equally  good  closures.  Nails  were  used  for 
turns  in  most  cases.  Sights  were  from  150  to  250  feet,  ac- 
cording to  weather  conditions,  and  in  all  cases  were  made 
equal  in  order  to  eliminate  all  instrument  errors. 

Bench-marks  were  usually  railroad  spikes  or  lag  screws, 
driven  into  telegraph  poles  or  the  roots  of  trees;  but  stone 
monuments  and  masonry  structures  of  all  kinds  were  utilized 
wherever  possible. 

In  the  formula,  E  =  C  V  ^^  ^"  miles,  in  which  E  equals 
the  error  of  closure  in  feet,  C  a  constant,  and  M  the  distance  be- 
tween bench-marks  in  miles;  C  was  not  allowed  to  exceed 
0.03.  The  average  value  of  C  as  computed  from  the  closures 
of  all  the  secondary  levels  was  0.02. 

The  following  table  gives  the  main  circuits  and  the  bench- 
marks between  which  they  were  run:  also  the  distance, 
closure,  and  error  of  closure  as  computed  from  the  above 
formula : 


Number  of  miles  of  levels  run 899.3 

Number  of  bench-marks  established 

Precise,  replacing  unsatisfactory  points  of 

Assistant  Engineer  Goodman 15 

Secondary   833 

V  Test-wells,    leveled    on    for    ground-water 

elevation  as  well  as  for  bench-marks. . .     510 

Total  '.  1,358 

Total  cost,  salaries,  expenses,  etc.,  including  office 

work  (no  executive) $9,135.47 

Cost  per  mile,  of  which  about  one-half  was  office 

work   $10. 15 
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Bench-mark     to      Bench-mark 


Distance 
Miles 


Error 

OP 

Closure 
E 


C5 

-/     Distance 
^    (in  Miles) 


Ua     b.     (->•    b 0*    V-f 

2 U.  S.  G.  S. 

U.  S.  \j.  S xi.  C 

B.  D U.  S.  G.  S. 

B.  E B.  F 

B.  P B.  F 

B.  F B.  C 

B.  C B.  2 

B.  3 B.  5 

8 B.3 

20 B.  7 

B.  7 B.  10 

B.  10 B.  11 


42.... 

8 

71.... 
79.... 
84 ... . 
B.  128 


B.  2 

8 

7 

8 

83 

80 

71 B.  127. 

B.  128 B.  127 

B.  4 .  . 

B.  6.  . 

B.  7... 

B.  8.  . 

60.... 

87.... 

36.... 

49 

B.  110 


B.  A. 
50... 
148.. 


Sher.  No.  2. 

176. 

177. 

178. 

B.  3 

80.. 

88.. 

27.. 

50.. 

B.  110 62. 

65 B.  110 

B.  2 
129. 
47.. 

179 B.  11 

B.  11 B.  8 

B.  8 B.  7 

B.  7 B.5 

B.  A B.  C 

B.  P 23 

T.  W.  91 B.  14 

Patchogue  Geol.  .  .  .    Holtsville  Geol 

Prim.  No.  24 Prim.  No.  17 

Patchofitue  Geol HoltsSville*  Geol 

Prim.  No.  27 Prim.  No.  29 

249 241 

249 Prim.  No.  29. . . , 

231 309-231 

Prim.  No.  11-13. . . .    358 

212 346-212 

Prim.  No.  11 Prim.  No.  13 

Prim.  No.  13 No.372  &  Prim.No.ll. 

Prim.  No.  17 358 

Prim.  No.  17 Prim.  No.  16 

Prim.  No.  17 216 

217 •.   442-217 

202 390 

441 461-441 

270 466-270 

Prim.  No.  63 Dug  well  north  of 

Calverton 


3.4 
4.4 
2.6 
3.8 
1.3 
6.6 
4.5 
3.4 
3.2 
4.8 
2.8 
4.1 
2.5 
5.5 
4.6 
1.3 
2.9 
1.0 
6.1 
2.8 
1.0 
2.5 
2.1 
2.2 
1.1 
5.0 
2.1 
3.5 
6.0 
2.5 
2.2 
2.2 
1.5 
1.0 
1.1 
2.6 
2.6 
1.1 
1.5 
1.0 
3.6 
2.0 
12.0 
15.3 
7.2 
3.3 
3.5 
7.0 
1.0 
8.8 
1.7 
2.3 
2.9 
8.5 
2.4 
3.3 
3.0 
3.4 
1.2 
1.6 

3.0 


.053 

.039 

.024 

.047 

.035 

.110 

.016 

.009 

.102 

.021 

.035 

.000 

.011 

.220 

.069 

.030 

.038 

.036 

.008 

.006 

.002 

.120 

.000 

.021 

.051 

.076 

.051 

.055 

.080 

.082 

.002 

.004 

.012 

.059 

.012 

0.116 

0.026 

0.000 

0.017 

0.064 

0.039 

0.002 

0.006 

0.198 

0.020 

0.018 

0.008 

0.033 

0.001 

0.063 

0.004 

0.010 

0.033 

0.135 

0.041 

0.004 

0.040 

0.002 

0.010 

0.020 

0.036 


0.0287 

0.0186 

0.0140 

0.0242 

0.0307 

0.0465 

0.0075 

0.0040 

0.0570 

0.0005 

0.0200 

0.0000 

0.0070 

0.0938 

0.0318 

0.0263 

0.0223 

0.0261 

0.0396 

0.0036 

0.0020 

0.0750 

0.0000 

0.0142 

0.0486 

0.0340 

0.0352 

0.0204 

0.0330 

0.0510 

0.0013 

0.0027 

0.0008 

0.0500 

0.0114 

0.0706 

0.0162 

0.0000 

0.0130 

0.0464 

0.0256 

0.0014 

0.0014 

0.0506 

0.0075 

0.0000 

0.0043 

0.0125 

0.0010 

0.0212 

0.0031 

0.0065 

0.0104 

0.0465 

0.0265 

0.0022 

0.0231 

0.0011 

0.0091 

0.0158 

0.0208 
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TABLE    59     (Concluded) 


Bench-mark      to     Bench-mark 


Distance 
Miles 


Error 

OF 

Closure 
E 


C  = 

^ '      Distance 
^     (in  Miles) 


Geol.  No.  19 492  and  No.  19  Geol..  1.0 

459 495-459 1.0 

SO 590 4.1 

B.  19 Bs.  19 3.0 

B.  455 B.  455 3.2 

B.  465 B.  443 3.0 

B.  452 B.  429 3.3 

BB.  34 B.  427 2.5 

BB.  34 BB.  34 1.0 

B.  427 B.  427 3.0 

B.  425 B.  411 4.0 

B.  425 B.  35 2.5 

B.  422 B.  422 1.0 

B.  412 B.  437 2.5 

B.  440 B.  440 1.0 

BB.  36 BB.  37 5.6 

B.  410 BB.  37 2.5 

BB.  37 U.  S.  G 2.0 

B.  402 B.  420 2.3 

B.  402 B.  402 6.0 

B.  461 B.  461 1.5 

B.  420 B.  420 3.5 

B.  420 B.  420 6.5 

Well  446 Well  448 3.5 

604 504 4.4 

B.  41 503 1.2 

503 504 1.3 

503 512 1.4 

501 502 1.4 

B.  41 501 3.8 

B.  41 503 2.4 

B.  45 509 3.1 

B.  41 T.  P 1.8 

624 524 2.7 

B.  62 525 2.5 

630 Riverhcad  U.S.  B.M.  2.8 

631 Riverhcad  U.S.  B.M.  3.6 

538 538 4.3 

631... 531 11.2 

634. 529 6.3 

649 535 2.9 

B.  61 B.  159 1.0 

B.  161 B.  161 2.8 

648 B.  176 6.0 

B.  164 B.  165 1.2 

666 B.  164 4.7 

673 B.  153 1.7 

B.  164 B.  164 6.0 

B.  164 585 1.1 

B.  M.  34 B.  68 6.4 

B.  67 B.  68 4.3 


0.006 
0.004 
0.076 
0.031 
0.013 
0.029 
0.077 
0.003 
0.015 
0.017 
0.002 
0.023 
0.008 
0.027 
0.017 
0.062 
0.011 
0.014 
0.007 
0.022 
0.001 
0.018 
0.028 
0.054 
0.060 
0.003 
0.008 
0.002 
0.064 
0.010 
0.034 
0.020 
0.047 
0.034 
0.006 
0.008 
0.077 
0.067 
0.081 
0.074 
0.074 
0.027 
0.001 
0.099 
0.029 
0.021 
0.010 
0.030 
0.009 
0.069 
0.007 


0.0060 

0.0040 

0.0375 

0.0170 

0.0073 

0.0167 

0.0424 

0.0019 

0.0150 

0.0098 

0.0010 

0.0145 

0.0080 

0.0171 

0.0170 

0.0264 

0.0070 

0.0099 

0.0046 

0.0090 

0.0008 

0.0096 

0.0110 

0.0288 

0.0286 

0.0027 

0.0070 

0,0017 

0.0641 

0.0051 

0.0220 

0.01 14 

0.0350 

0.0207 

0.0032 

0.0048 

0.0406 

0.0275 

0.0242 

0.0295 

0.0434 

0.0270 

0.0006 

0.0404 

0.0266 

0.0097 

0.0076 

0.0123 

0.0086 

0.0273 

0.0034 


Average  value  of  C  =  0.02 


♦Via  Medford 
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TABLE   60 


f^R/My^Ry^      C/f?CUIT      L£V^£LS                               (D  1 

L  OCA  T/ON 

3,M. 

UZVATfOli 

DE3CRIRTION 

/foCMVILLt  CSNffK 

Fond 

iZ.lIZ 

O cut  E  rim  of  pumpwtfl  */    Pumping   3f*.    N.W.  Cor.  of 
Snti^h's   Fond 

ftOCHWLLC  CtMTfte 

Gtolg'/. 

Zl.OIZ. 

Bron$m    tsblmt  NE.  Corner   Obser^r  4  Village  Ave.;  SO'N. 
o/  corner     of  building   ^nol   /*  *bo¥^  qf round. 

3aJdtym 

BID" 

E6.07Z 

Hnob  3.£.  Cor.  5i^n*l  Post  #   ZOZ     L.I.R.P.    Post  is 
opposite  ^    of    Ai  if  burn   Reservoir. 

3a/dwtn 

BTN" 

/9J^H> 

Mnot  S.S.Cor.  Cutvert  ^OO'W.    of  Baldwin  ffR.  5t^.;  30' 
N.  of   TrscH. 

Free/oart 

btm- 

'W      0  •    ^^^^^^t" 

Knot  S.e.  Cor  ^'i'2*6/'"^  '  ^^^^  ^<^ '  EofPr^eport  Hfi.  3f,. 

MerHcH 

Geolyy. 

13.317 

3ron^e    c^p  of  pipe  3unH  in    f  round  300' tV.    of  Metric  H 
ftfi..5tet.   B.M.  is  37- lY  of  rosit,  J^' 3.  of  met  r^il  end  ^ 
iihove    Ground 

3ef/more 

31L" 

/a.390 

Hnob  A £.  Cor.  of  ^i^nel Pos i  # 25*  L. in.R.     300'  W. 
of  3e//more  F/f.Sfa. 

Wdnt^^M 

B"^" 

zae9/ 

Bolt   root  Locust  Tree  in  front     of   Fountem    Hot«l 
too-  W.    of  Wanta^h    f^.R.^ta. 

— 

H.W.8.  474 


Primary   CfRciutT   Level3                     (DI 

LOCATION 

3.M. 

EUVATUm 

.     DESCRIPTION 

5eafor«i 

i3t/" 

Z&.3II 

3ott  root  OeH  Trmm  ZOO'W.  of  Je^ford  fT.ft  3te.  iO' J.  of  tr^H 

Masxpe^ua 

3h 

ZO.ZSZ 

■^  cvt  on  door  step  k^^rtinf  room   /V-A  f^Jissepe^u*  f^/f-Stm. 
ao'  kV.   of  N.E.  Corner 

Amifyville 

3G 

ZS.53^ 

Knob  N.W.Cor.  3i^nel  Post  it 303  ^bout  lOOO' V\f.    of 
Carmen's  CreeM.    3,M.    neer    roset  crossing. 

Amityville 

3F 

Z^3ZS 

■h  cut  /v. yy.  Corner  Ant'ty yiile  F.H.  3tji.   £'  £.     of  Corner- 

Copsi^ue 

3e 

• 

tS^93 

Knob  N.W.  Corner  3 If nel  Post  *  31.3  about  350'E.of  Copeieue 
ff.ff.3t^.                                                                                                   i, 

Copsi^ue 

3d 

ZZ.90gL 

Knob  N.W.  Corner  Sianel  Post  it  3Z9  about  ^OtV.  ofCepe»mt 
Po^.  3M.  is  ye.A?ile  £of  Copei^ue   fl/f.3ta. 

Lindenhurst 

3c 

22.392 

3o/t  root  /^aple  tree  lOQ'   of  Linden  hurst  ffJf.3ta.   3.M. 
is  at  £.3.  Road 

L  indenhur^f 

3b 

13.399 

Mnob  3.H<  Cor.  3,'jns/  Post  ^  3*Ki  ahout  ^o  Mile  E.of 
Linden  hurst    R.ff.  3ta. 

J5ith//oft 

3Jt 

n.ZOT 

Hnob  AI.E.  Corner    5ianal   Post  *  357   about  1000' E.  of 
F.RJi/nct.   iMi/e  f^.  of  3a  by  Ion    /f.P.5fa. 

B.W.S.  472 
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TABLE    60    (Continued) 


PRIMAR\^       CiRCUtT-    Le\/£L3                                ®I 

LOCATION 

B.M. 

£U¥ATIOh 

DE3Cf<IFTtON 

3^hy/o/r 

Geoff*/- 

1  7.  Z^7 

3ronj€  pl^tm  ommmnt«d  to  Af.W  Corner-  of  ME.Chtirth  *t 
E.Aid^  of  Deer    Parti  Ai^e.  3.M.   about    3' ^ bore  f round 

Bsby/on 

A/ 

f  3.539 

Nail  at  roof    of  £/m   tree  *n  front  of   ME.Cfturchat  £.3. 
Deer  P^rfrAre. 

3^by/on 

A2 

/-^^W^ 

Af^*7  jft  root   of  £im  tree  atonf*tde     fence     73'  3  of 
fr^rff  and    tSO'  E.   of  Baby  ton  ff.H  3ta. 

3a  by  f on 

33 

Z3.&^/ 

ttait   in  root  /jtr^e  oatf  tree    ^t     Hiabie's  A^e.  eroA^tn^ ; 
^0'3.  of  tr*<t(   ^nd  as'  £.  of  roaa. 

3ab//oft 

A^ 

Z^.737 

Knob   on  N.W.    Corner   3ian*/ Po^t    03^1     L.lR.ff.  ^t 
S.3.  rr-^etf   e/,o  mi/e  £.  hf  3Sti  f^ite  Po^t. 

3ay  ^5hore 

33 

zyoo7 

r^ait  in  root  osH  tree    E.3.    of  Saafiffo^    Manor  Lane 
about  SO'   3.  of  P.P.  tr^oM 

3ay  3hore 

3<0 

Z3.399 

Knob  at  f/yy.  Corner  3iqn*/  Post    #397     L.I./^.R. 
Vfof^i/e    ky.    of    Afi/e    Post  ^^ 

3ay  Jhore 

3y 

ZI.^Hyh 

Knob    on   W.  End    of  Concrete  Wa/f     EOO' 3.of Bay  3hore 
^t*.    and   30' £.  of  Partf  A^e.    3.A^.  is  3' ahora  fro*m4 

1 

B.W.8.   461 


Pr/m/\ry    CfRcuiT  Lev£:l3.                       ®1 

LOCATiON 

B/yf. 

ELEWKTIOH 

P£3Cf^/P'r/ON                                               \ 

Bay  3hore 

33' 

l^.9Z3 

N^il  tat  root    l*rqe    oeH    tree    330'£.    of     AwytA^  A\fm         \ 
jtnd  SO'  3.  of  fracH. 

/3//ff 

33 

11.36,5 

Knob   3.£.   Corner-  3ifrr^t  Po3t    It  ^£C     N.3.  fr.m<iK 

/slip 

BIO 

i.3.991 

Bolt  in  root  /^r^e  o^rK  tree  £.3.  /A/if,  Ave.     73' />/  of  fr^ecJr 
and  500' £  of  Uiif»  R.P.3ta. 

East    /5/ip 

3// 

iLl.^55 

3olt  in   roof  OaK  tree    £.3.  Car /e ton  Aye.     ZS '  At.  of  trmttff 

Great  River 

3/Z 

2667? 

Knot*   N.W.   Corner  of  3ifna/  P<x»f  #^^7    3.3.  tr^ro^ 
'/t  Mile    yy  of  Great  Piver     PP.  3t^. 

Great  Piver 

3/3 

za.oss 

Bolt  root    OeH  Tree    7S' P.    of  Greet  Piver  PP.  3t^. 

Great  River 

3/^ 

G.I33 

Knob  3.VY.  Corner   Bridge  over    Connet^uot    Brooti .    Hnol> 
/!»    3*/io   feet    3.  of   rett. 

OaHda/e 

3/3 

It.  7/^ 

Bott  root    Giant  OaM  tree    in   bacH    of  freiybt  3tbretro«t*e 
at    Brooti  date    P.P  3  tat. 

0<iHd!a/e 

3/Q» 

Z1.09& 

Bolt  root    Gets  tree    lOO'  £.    of   Locust     Aye.  an^ 
ELOQ-  3.    of    fracti. 

3ayvi//e 

3/7 

22.9/^      Roff  root   Oats   tree    £50'  £.  of  3a/yitte  P/f  3ta  ^m^ 
too'  3.    of    tracti. 

B.W.R.    460 
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TABLE    60    {Continued) 


Pr/ma^ry      C/rcuit-    Levels.                       ®| 

LOCATtON 

B.M. 

£L£Mr/ai 

DESCFtlRTION 

Bayport 

3/& 

7.066 

Bolt  ^   top  of  ^iif  over  «    o/   Pile  ^  N£.  Cor.  of  BriJft 
ov*r  cr**H  ^Mile  W.  of  Bsjport  K.R.5U.  AM  /5  SA'Uhw  rsil. 

S^yporf 

3Z3 

26.d3/ 

Bol*  root  Oa/i  tr^e   Jtt  ff.R.  cro»*iftf     ^5'  N.  of    fr^t^H 
afMf  M>0'£.     of  S^port    P.ff.  3/-^. 

SI  u* point 

3Z^ 

23/53 

Mnob    StV.  Corner   Hi^httf^v      Bridae    300'  lY.  of 
3/uepoint      P.R.  St^i.    B.M.  is  3^  helo^v    fsif 

P€ftchogue 

Oeol^t 

t^.tZ7 

Bron%e    p/^fe    NE.  Corner    of  Fr*ifhf  Houyc  ^hout  700' 
W.    of  P*tch€ffH€    /7:/7.  3/dr.      B./^.    is  ^hout  ^'*toP9&9m^ 

East  PlMHhogiie 

3ze 

ZUZE 

3olf  root  cherry  tr^e    SOO'£.   of  Country   ffoe^  croamy 
jttn/    SO'  /f.   of  trmnH,     B.M     is    130'  £,  of    /*r^e 
p^ht'te  house. 

Patcho^u€ 

3ZS 

l^30Z 

"f  Cut  on  4door  sift    Pdrtehoame  /fff.  3/dr.    Cut  is  S'£. 
of    ff.W.    Corner. 

H^fermmn 

3Z7 

d.9.e/t7 

Bolt    root  OeK  tree      73' £.  of. /toM4  *ft4    35' .5. 

of   ff-ff.    tr^cH.     AAf.    t's  ^to  Mile  W.  of  fie^rm^tt  KH' 3fs. 

3eNpoft 

3Z3 

^H^.^OI 

Bolt   root   OsH  tree  nemr  R.fi.Cras%itfg   33'  S.  of  frdioK 
jtn^l  13'  from     Mile   Po^t    57  L.l.ff.R. 

3e//pof^ 

3Z9 

Bolt   roof   of  Pine   Tree    ItS '  J.  of   Bel/poft  /f.ff.  ^tet. 

B.W.8.    46$ 


1                          Primary    Circuit   Levels                        ® 

LOCATION 

B.M. 

£L€MTiat 

DESCRIPTION 

Bell  port 

B30 

5^/t33 

Bolt  Pine  tree  iV.^  Cemetery  PoeJ  /Z3'  N.  of  P.ff.  Croy»ing 

3rooH  H^ven 

GeUm 

zae33 

Knob   5.  enel  of   3'^  ste^  of  ff.  ^hutment  Hialfi^y  Briil^  #6/ 
L.I.P/f.    BM.    is   6'^hoye    S.  Country  Posd  Uo Mile  W  of  3ta. 

3rooff  Ha^en 

331 

21.704' 

Bolt    root  O^K  tree  60' A/  of  tr^ctr  and  ^O'  £.of  rom^f  cross itty 
/f.tr.    /tio  At  He  £.  of  BrooHti^ven   PR.  3ta. 

South  /f<g  yen 

33Z 

Z3.^B3 

Bolt  root  O^M  tree    73' /V.  of  tr^H  at  IV.3.  of  the    Hey  Ave. 

Ma^t/c 

333 

4^.63^ 

Boll  roof  OeH  tree   ^0  3.  of  tra€H,abo»tt  fSO' f^em  7eleynf>tt  f*ok 
^esaa,  IMi/e  ¥/.  of  Aimst^  PR.  3ta.  About  6'ahore  rail. 

Mastic 

33^ 

31.113 

Bolt   roof  of   Ljfr^  OeM  tree    lOO'  J.  of  Mestic  lf./f.3tjt. 

Center  Moriches 

333 

2.7.997 

Bolt  roof  of    Twin  trees  at  South  Country  PoJfJ  Cro%»in^ 
VfoMile  kV  of  Centre  Marines  P.P.  3tef.  B.M.  is  inside  fenoe 
3<?'  Al  of  trdicH  ^nd  SO-  £.  of  PoaJ. 

Centre  Moriches 

33^ 

^i.MO 

-^nob    3.1V  Corner  of  base   of  3ianal  Post    in    fAont   of 
Centre    Moriches    P.P.  3ta.                   '^/l§T/f^6^y£^/? 

E^sf  Moriches 

337 

36.03/ 

Bolt  root   Cherry    tree  atone   in   field  G30' £.   of  £e*f 
Moriches    P.P  3tei.  anel  ZOO'.  N  of  tracH 

Eastport 

Geol^r 

30.^90 

Centre   of  cover    of  pipe  sunh  in  ground   £.00' f^-  of  £ast/»crt 
PR.  3ta    B.M.   is  ^9-0'  £.  of  OaK  tree;  e7'3.  of  «   ffoed 
Jnd    S'  aho*e   ^rounel. 

fi.W.S.  457 
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t^OCATlON 


^^^/9ort 


S^^^nk 


.  ^ 
4g^ 


^y^rA^t^i^ 


^iim^^^      JBi^y 


\ 


Q.M.  EUVAT/ON 


Sse 


TABLE    60    {Continued) 


B^3  B7.7i>^ 
~B^  B3.  f/7 


S^f€ 


DC3CR IPTI  ON 


<7) 


CBjr/ 


^4,4-06 


^^/••^^/ 


-ff-W 


^^r-^^^-W"-^  ^'^^^.;£t^^^^>r^ 


^^^2^'^"^-^'^-^ 


^^^^   -    TJf-^^ 


tfy^^'/K 


^^^>4C  »  72-39' &£L 


B.W.8.   4&5 


LOCATION 


/ftir^r/f^J 


/fir^rAe^ 


^i^^rAs^^ 


/^tif^rA€i^ 


Cia/y^/^/7 


Ca/r^r:^, 


Ca/npri^^ 


'S^^'BSS 


3.M. 


S4S 


«t^/ 


S^f 


3s/ 


eUVATtON 


PRlMi^RV   rmruiT  iPi/n.s 


6>rjg 


xt>ns^ 


^./sd 


Xfi.  sjo 


WW 


TTTTT 


TTJJT 


/TnoS  miY  Comer  S* 


" ''''t,^'.'^'^ 


Z^T' 


DESCRIF*TION 

ZOA^^^  72-39-^7 


9-S'^SS 


'^ZlA-rm4<i',S3'O0 JLo/^^m  72-39—SB 


•/ A/yj^^JFA^'  Sj>7^s^  *oo'S€fM»^<MH^,A§,p^S^  ' 


/A7m4^'^^'Fff 1 Zj.i>ic,  y^-.#j/k¥^ 


jf^A^tfsm  ii^ft^^ki^ ^^^*^0^Jit9^i^ 


B.W.8.   464 
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TABLE    60    (Continued) 


rmnmY 


LOCATION 


^/49£ 


fSfmrJ^i^/^ 


^ec^ 


^^MJk 


AM. 


CL£i^r/0^ 


fMifJ 


p:^^/ 


ClffCdUT L£i££LL 


DESCRIPTION 


JSL. 


^se 


IJJU 


Afnn/j^  j^j9l6y  SS^ 


s-iY^f  /K*^*fr  ^ 


^'^^^^^f^ff^ 


/^^jy 


^^^'^ 


^ 


^o 


^Ar^^1^~S.9'0<D 


/f/#M  /s/9^  S^/ 


7^'ffl 


'^^^rss^  S^ 


Z^Tm  4t3-^^-3<y ^/i^A  m  rZ'S'i' "  IS. 


MjM/s/,snJ<^^ 


^^7^^  ^O'SS-12. X»>V«  7Z-. 


■JyJ^ 


AftJJk  Mmne^  S^^ 


flif7 


y^/»A^njt 


B.W.8.  4S9 


F/r/rfmr  ohcuit  levels 


LOCi^TION 


AM, 


/f/OOLe  MJWl  3,64^ 


£L£y. 


Sl.^f^tS 


^ 


DESCRIPTION 


Ahi/ rMt  iatym  ^M  E  skf^  roadatMfkrjmefiinafprii^t^  f«ad 
S700  S  Midef/c  /^ /and Pott  Office. 

lot'  40'Sl ' It  lon^.  ■  rz-SS'OZ 


mOOL£  iSU9NO 


B^S 


Mt'i/root/at^m  ^cH  £.  -tttfc  ro^offyrit  of  wads  A6mf,  S.  of 


B«//  roctotA  A^j/^  ro^i/Mf^i^  mrm  A^m  of  l^i>€hrj>//t 


YARHflNff 


B66 


6^.331 


lots  ^O-rf/-!^. 


I  B^n»ataf0ntoaJr/^ca£,//i/kK/V0d3CM^Amf  l^y^**onlcffC 


r/IPH/9NH 


367 


St-Jas 


lcnc_ 


S^/oorffiriff'mt/^t^tirj/db/9a^/rawriB^^af9JtM//A 


YrtPHANH 


369 


33.7t9 


tat  9  4C'SOr/0. 


Ica^.tTX'J^ 


Y3PH3NK 


369 


si.9sr 


JiaA^.*7Z-SS'00 


30/ f  root  OCA  l¥M€fm  /PafJt0O'Al^l^oJmaf7^r0t/4^Mr 


Y3PH3lin 


370 


39.6r3 


lat  m  ^cWB'JZ 


7^ 


ZoftOm7Z'S¥'^li. 


y/tf9or4'^fWfcAoo€Sif-  car/fmr/irM/:  riaOr^mi.  AT- of 


effOClfH^irgN 


37/ 


30.9X1 


'^/r^i^e/f  A.  3  Sitf. 
/Lot  M  40-47' zr. 


JLoifO.  *  7Z  'J^'  ^fo 


B.W.8.  462 
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TABLE    60    {Continued) 


pffiMi^nr  a/rcu/T  l£V£l^ 


lOC/IT/ON 


mOOLM  /UUtNO 


mOOLB  t^U9NO 


WOOLE  JiSl/tNO 


COffflM 


AN 


^M 


A73 


376 


CO/fi9Af 


Sl£K 


fSSMBS 


9/,Z7^ 


99.798 


66.646 


94.900 


® 


O£^cmpr/OA/ 


/aA  X  40'rt-'SjB 


lot  r  40-s:i'S3.  A^n^.  ^/M^'SJ-ST 


lot,  4o-^S9.  i^^  ./a-^-y* 


^tl: 


eo.  //f/r»/f/'o/A^t/sm  a/Mr  tttrrj^gAjf.  1 


3o//'r»^fm^/rtt^f'A:^/^noaifJOOJRSr»cJtA^.0^JE.D»^i*. 
IXtf,  z 40'JX-c9.  A^n^.  . 73-00' o4. 


^£LO£/^ 


STB 


iS9.4H 


^£lO£Af 


379 


Ht.3i9 


^etoeN 


ffa/fr^^r  *a^  <9.  'StOm  rfoao. 


390 


/04.96SW^  ^^^den  W//a^e.  3.Mls'60O' iv.a/cfoss  /Mtf». 


J^rt  9.^73  •0i'/0 


vtSFTISSuSS^SFKC 


S£LO£N 


391 


99.Z07 


J-^a^  •7J''9J'JO. 


B.W.S.  456 


^ 


I 


FfliM/fRY   CmCU/T  LEVEL'S 


LOCATION 


N£¥n^/LLA6t  39t 


ij9fr£  enoi^E 


LAKE  CfiOI^E 


ZAH£ 


^onifONHcrfA 


B.M. 


BBS 


366 


867 


388 


^OtfKONifOM^  Oea/f/. 


fWYMO^nOffA 


30HEMI/9 


389 


390 


ELEV. 


/06.303 


//0.394 


8»/f/o^/arfe  ^/r  M£.  cor.  /n^r.  r^*/^  at  Afoft  rT//aym. 

^Scyf/LmlSlaireGrore  fio.  •.  ^^  ^, 

^'40'SO'4^  ^^yy  '^        't.' 

B»/f/vofiara€MrJr/Y.irofsfCarfierj/m/.  ^.JLa^Gr^re  f^o 
r  ^fmoffome/frafM£.c0r.  r»rfrpfr9aaj/7mi.  Ar^^jr»/tum 


Ar^A-S  4,^Siy.  3M.  As4o'J5.  of  £.  bonfrofl^/CA 


//J'.^BZ 


/C90S6 


/0/./6S 


90.60Z 


OESCfflPTION 


A/ffoef  c^osfhi/f^£eor//>J^r./rfs.Af^'^-ff^^^o0ffrtmaJLaMt^, 


\or/rr 


9f^^nJt^/f»m474./fS/a.  4a'/kofnri/  "^        '       .  _- 

^  "  .^>/y.  »7S'0^'39, 


la^  ^4C-48^Z9. 


3a/r/^ooraff^J^..SJ€l9  rood^O  -^  />avjmaf/1knruAri//*/f^  /aoif 
S.af^.A'  7>vcA-. 

a^ro0f'^oc¥f^  odJrS£.  car //f^r  fids  /y?r/.  AlafSMamser. 


^fM4o-47' 


3o/fr»pfa^^^£.C0rm/kr.  rds.  CAt/rc/t  ffre,  d/tdOcmarf 


aoN£/f//f 


89/ 


6r.^Z6 


/^M*7S'*7'fP. 


03H0^L£ 


391 


^///vfityatz/rf  ^tfAr  tr.j/dfm  road8S^'.s.  or^rPf/a/9ad. 


so.  oos^M  As6J^O  />r  a^Jc^a/m  /f.  /f.  Sfa 


JL^ny. » 73'  ^/--t  o. 


B.W.8.    470 
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TABLE    60    {Continued) 


LOCi^T/OA^ 


uitre  s/9oif£ 


BM. 


a99 


£L£V.  I 


pffmifffY  cmcurr  i£y£L6 


@ 


DSSCntPTiON 


i06Af€ 


UIHE  effO¥E 


394- 


ufK£  sBore 


maoLec'Amrr 

ffOAO 


399 


wmrroi^ffBR. 


3/90 


SWTM70I¥M  33. 3/9S 


$tfmmtwf33. 


Sm7Hr9WN33. 


SMiTHTOIYA/ 


3/9Z 


3i09 


6^1- 


/o^./sr 


9T930 


Ic^'^C-J-i-^X 


/MM.  mrj^^Z-fO 


tl9.l9S 


tir.4S9 


f9,t9* 


Z99'JV/fSi/s&  C/^ftn^rsa/9.  /ji$/ffi.  Hr.l^jiw  S^ww. 

~3^/o»^a^Jt^3^a^M^sfnfsJmi£s^ytr//lii^w0r/r  a/anc/i 
9ZA3Z  l^y^/-  S.SAdS^aa^fibpo9i/tSni^^/i  Sra!ncA/?0, 


64.069 


Z6.4^7S 


*Cuf  W  3c/rA^£,cof:^f<oi90/posraf^>J»t^»mf  ^  t\ 


-/T. 


JLa^f.  aXf-Zl 


smr/froiTAf 


a/94' 


M.4€o\s/n/.  S.£.  of<^/n/fAUtr/f 

/uft  »^4C'S7'  CO.  ^^^y-  */S-/S'9K> 


B.W.8.  471 


FmM/f^rr  c/fKurr  l£V£Ls 


LOCAT/ON 


a/v'. 


£Ley. 


3 


OESC3IPTI0N 


^ 


SrtiT//roi¥N 


BiOS 


^J.B6Z 


M/.H/IUFP/9UOe 


iY  HPCfP/¥iUS£ 


B106 


4^.t8M 


BiOl 


6/ZCJ 


3arn>cr/ir/f/air/r/r.^k^  /t/.  affiir^/tsfs  3ml  £.  Co/77 /nac/^. 

3a/frioctoa/c£^s/^e/i^/9o\5.Mr^/ds.J^ml^.£.JImt/i^/byr/?. 

2^7/  *  -^a-jif-oo. ^tf/y.  z  73'/^  -/o, 

3«/f^/vcra/a/ttOirkMfr.s/€/eufAf^'MfifrMof>second<tru 

Lot  ^Jf-O- 4-9-/3.  l0fff.*73-/4'ao 


ffo/r/^ct.f/?ra//rm/roirA'^./ir.//f;9frsBcnanftf3.  /^/ptAiof 
drs/ifhrooef. 


33£Nrif¥OOD 


BiOB 


t^3.973 


BftENTWOOP 


3/OS 


/09St9 


3o/f  r»cfp//fe  £:3/€fB/i^.  affffr/rrOs.  //n/.  Aiff  3renr¥fffaef. 
lot*  ^'47-33.  lo/r^.  m73'/4'-JV. 


a3£t/TrfOOO 


6*otf/ 


99.3/9 


o/ff. 


QffeNTIffOOO 


B//0 


76. 37s 


»v/rzeft/P/eT^CC9r^^3.  C/f..fOO\5.ar9/fnYCod/f./r.^la. 
lot ,  40 -46  -40.  /.^rto.  '73-/4-4S: 

3o/r/»^p/9e/\(J^,^/C/is/S.  f4/rf/.^.  a/Brmroed ^.^.  S/t7. 


Jjc/f.s4^'46'08. 


if2SU^Lil!tz^£L 


Mf'^of'yot//tooa/nr.^/€fe  ffirz/ccrff^e.  /'^ff^Ai^./r.mfcA 
a/f./3/f9ar/V.  if/TB  of propoJcd'Sf^e^f. 


3/fY  ^HOP£ 


3/// 


^7.  CSS 


/jfft*40'44-Jh 


JJft^'  ^73'/4-3r. 


BW.8.   469 
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TABLE    60    (Continued) 


PRIMARY    CmCUfT   LEVELS 


LCC^TiOf^ 


COMMACK 


COMMACH 


CCMMACrt 


B.M. 


3iiS 


SLM^. 


90.3SZ 


MJ/6 


B/f7 


Afr.5A9 


tJ4'.696 


^ 


O&SCfftPTtON 


Og/f/votJiafye 

Oa/frooTcaA af/ifJ^. rdis. >fV/f.J5.  ofCbmmacA Fa 


Uit  m4o^j9-S3. 


TTm 


•73'/7-SJ. 


COM  MACK 


aits 


/6A.93Z 


[7^ 


COMMPCK 


mtf9 


/4^.9^ 


M^/90/c^mg^iHfA/t.s/^^  rtf.  Z«o'maff9rSrs  J^9mi.  tKafCMjMiocJr. 


atnot»3^^l 


COMM/fCf( 


m/ko 


tu%^ir 


&.Cor/iaM 


M/O.  CO.  AOAp 


Bftl 


/ptf.J«jt 


3€Jf/9otgjiarf/'  3tf/i9it  ^//fl^e%,  Jts/Ot,  rd-  aft 
\/is  a/'^u/ffm/fofnf.  S.Zmf.  Mr.i/CMt/nacie. , 


Zatz 


Jia^M4a^4S-SS. 


ffeUl/ILLE 


B/ZZ 


MeUViLLE 


BIZ3 


MSL^iLLB 


/jA^ar 


fS4i/C0 


laa^w7J-ZS-Z3. 


/4J.»r^ 


l.at*4C'Ar'^9L 


TSlak 


,/^.Z4'/S. 


3ei^rto^^JtMiil^.t»rdMkr^^.JtJkmi.M/9J^/^titf9^'/r.sfa 


Ptf^£L/9l¥N 


///■ «/ 


^MeLAiTN 


BJX€ 


97- ^ii 


jiaa^.'/J-Z4"Za. 


B.W.S.  471 


PRIM  A  fry  c//^rt'/r  ltysls 


LOCAT/OA/ 


emSTPOffT 


etisrpo/fT 


C-PO/fT'/mHOnZJ  \BtSZ 


B.M. 


Bssa 


mist 


5ourH  M/^jroff 


MANOffV/LLe 


MffNOPIf/LLe 


/fi9AfOA  ir/LL£ 


MfirtofiviLLe 


B/S3 


BIS^ 


81^4' 


Bt65 


B/€h 


£L£I^. 


73.Z€a 


^.t09 


SZ.39S 


4C.696 


47.C70 


^e.jjo 


4zJ3a 


jCae'4^'^/'J9. X.0*0^.7Z-47'^Z. 


D£SCfflPTtON 


Urt  /4o.  ^s-42.  -^Z^Ttf  ,  74-47^ 


3o/r/90i^o//90  ZS-JE^.fraete^pp.  ^^*sfl%p^rj907. 


fmAH¥J*asA>0rf^-^Sfa.  ,  _ 


iCMf  ■#tf.i/7-/« 


^^*  '/at -^7-^* 


jLffJCa40'J2'JZ. 


f0-*9i 


Oa^roafOMrm  7J^^^.7hfc^aa^//f9/4fSll^Mi€:mssmfJhf/.JEAba0rr//A^ 
St^f9fft^0^  /ZO'/f.7hfUrZMW.mA.Jfcf9SSMf/ik4nr£:^lb^rmfVfflt. 


'>*««Mk«  cr  /fm:  trcarftgrffift 


CPd.ir£PTOAf 


B/£/ 


'3e.fZ4' 


CAL¥£PTOff 


BS40 


y39.93Z 


U//f9s/^^cak/J9*j.7rac/r  aa^4a^*S  M&r/rarfi^i.  i  /*. ' 


Left,M4i-J4r7. 


^^J^'^' 


CAL  V£/fTO/r 


BtS9 


4^. /CM, 


MPAfO/fir/Ld.£ 


SI  .007 


M44AfO/fir/dJL£ 


B/4Z 


4^.h77 


A//rpaf/U^  ^/rXr'^h^^CfUMJao/jfr/.  h/fMaf^rr//^  ^^J^- 
iMt.  *4o-j%.03. J.aif^t7Z'A*'Xm. 


rJt4O'Ji/9oeSr/imar^Jkfrt^4/0^  ^ASojr.SM/oot'Af. 


Mo/r/V0roigi.   ._   _  .._^..  ., ._„__.. „y., 

\>f^rmA0*9a,  j9-^ASSm/,JI^.0fyhpaaAA'. 

Ji^Tf.  m40'JO'S9. 


Y/9PMA/¥fr 


Bi67 


i^.ZSZ 


l»»f,  ./^-XA-^fl*. 


Lot >  40-1^.39.  JL0^wXJ'Z4'/J^ 


PlNeuAWfi 


B/Z7 


lM:4o-43-4o.  lonf.  •Xr-Zl'^'' 


PtN£LJflfiff^ 


B/Z9 


44.0X9 


A^.  ^o/Jtm  Ajjm  ^J^ff^ahfioM  afAf.l¥.ear  /tf.  erossMta/^m*  Af. 
f^ljk^nAy/sfaoaiMl  k»ir.ao^M.  a/TAsJa'J.  •f^hrcA- 
/.at  ,40-41-17  ' — ■ 


UNO£/VHUPST 


B/Z9 


4^-944 


t¥BSrB/9SrZ4»M  BiSO 


t2..9Z4 


MffOf.  '73'Z3'09. 


0ttirynMr.0f/r.niS. a/s^Zm/./Y^^^^M.  S/f.  jisZ'^^o*rJ»f/. . 
I       laf.,40-4t-06. 


/Y.*lC^^y/^S/f.  mZ  '^/oprmi/. 
•^  jLaaf.  •  rS'Z*'39. 


B.WS.   483 


657 


TABLE    60    (Concluded) 


pffiMfiar  ciRcu/r  le^sls 


\Loc^r/oA/ 


3.M 


V/IPHRNK 


B/69 


YAPHANK 


BtM 


£L£V, 


9Z.B4S 


J^-^IZ 


W\ 


0£5CfflPTtON 


"wotNS  pivep 


BITS 


t0^.t4-O 


lat*4€-J!r-j;r 


wp0/fi6  pirgff  am 


tfe.133 


Miidtffo^i 


JL^ff^. 


¥MOtNe  ni  Veff  i  B/7B 


i»,i  .9]L6 


k 


r:sm';r  ^« 


nOCHY  POiNT 


194-47/ 


B190 


/^.JBZ 


POCKY  POfMT  \Bmi 


\AffLL£P!r  PUtCB  Bm^ 


MtLLgpi  PL 


l3l.4^fM, 


143. BIS 


B/BS 


Mr/.7t7 


FOPTJEFP£PSOM,  BiB* 


fS9.0M4 


Po/fT,/gFPepS9tr  B/m^ 


1 


^POBTJ£fFatSOir6»0if/. 


'fO/tTJ£PF£RS<M  B/aS 


Pr.,T>/£Fr£irSOM  3/SO 


]POprj£fP£Psm 

COPPM  POPO 


B/9/ 


Ar*rii7/ 


1/4-. 073 


/9A0BB 


/a4.4JZ 


fSf.Z9h 


f37.0M 


lot  T  40-^.00.  ^ttf. 


7X'J^-X9. 


B0/f  n>0/^oajr  JT^M  Hocku  ^nf-  PP.  SM 

.6^. .-  4P-jy-  **.         -^  /^^.M7k'j-j-'a» 


Jh0h  3.M^»^y/h0e»^^Jm*.WJhdtuPh^^.  9.M.3***^40tmti. 

JLar  m4C'S»'^7. ^«iy.  g/e-./*-  99. 

^jf4^Shfc0rc4^/i^fJfoW'j^.cws»9/JimAJtmiu9M[^Jt.4mn 

j^t  w49-JJi'49.  -^  ZtfUMi .-  7X'  JB'/B. 


37BfiMar/ra//9/mifafnuf  .  ^^    ».  *•  y« 

lot  ,4o-Jii-44. ^^z*^^^"^: 

a9fff9of^Jr3J'Sj£.it/.crAmiE.^tJltfMrS0ifyridSth. 

lat.m4^'J^-/a. L0t99.  *73'P9^'    _ . 


is7P'U/mfnt//. 


TJ'*^  «/•■*■ 


fJTS^ 


US^^^J^^Af.  Jt^0'Mf^^an0^tA^^t.  htJ^P^* 


9otfro0r0aif 


Ijoif.  .-40'J'4-4c 


L^/ff' 


7Z'S9J%. 


Jxr/:  s  40-^^-48. Z»^o.m7J'0S'0SL. 


JLot'z4^^^''7-  J.an^,73-0X-f9. 

30/f/O9^oaJt4S'l>f.  m/^.W'fromm^m  0fc/m€frinca/x/jao-^, 
ofk0y4m  ZJi  fffi.  S£  /*/-/' vfc^-r^#:^  Sta. 


JLof.  :  40 -9^ '^M. 


JUf»9-*  73-9^-4-0. 


:cifvm 


l^ot  T  40'SS-  J/-  ^/y.  *^'0^-9O' 


COPAM 


1 

\B/9Z 


/0Z.477 


B.W^.    Ai% 
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TABLE    61 

PRIMARY  BENCH  MARKS  -  BABYLON  SECTION 


m 


ICCALITY 


B.Af. 


SUV. 


l^SCmPTM)Af 


M£LWU£ 


BABYLON 


BJ06 


0.876 


/iofe  e/Tf/wfOf  ^^fd^^iiio^  B.S,^/!e/Main!,  oAot^f^  3^./»rf^a^ 


6mT/m/tBJ0J6J73 


B.W.8.   St96 


fJKTCHOCOS 


lOCAUTT 


5/93 


B./f    I  £L£V. 


- 


/^/94' 


l^ScmFTTo/F 


o 


PJ£Ff£/fSO// 


0/3  A 


^Z.S6S 


S.f^5  Stor9€^or^3M/>/£i  cor.  /^/^rsccfTon  >fb&   S'/tM     "^ 


CA/rSGWt/£ 


6/35 


/03.^9 


S /If S^/&ndaft^S.^ot/^Arer>a/ of  /Ves ffiom/>TtDn A'A'   j^ 
^fo  /SS/  To  Tc/pa/e  2/07Y0  fbc/c/^  ^//brm. 


t¥£SrAS4A//=^ 


3/36 


4S.S33 


cMo^K^^e/ei 


26.377 


3/VS  5^/wbn^^Ar  on/L.  //f/^no^toftvay.  /?€or'  /nTa^ 
5C"X'ar«>f/f.^5-^o  A>  mz/o/f*  *//S37  ^9.6A'7l>S/9nai 
po/ff  /aval  y»  •for/t^af-H'^^. 


/e/oGs 


a/38 


/oaose 


S  yy^s  Ji;6»i*&/V  8Jf.  />?  ^n^nfo^  /^a^c/o//^  Aocrs^afTAfsaf 
of/t>adt3X  /n.£  ofArtjjT  Jj»^9 


3loe/^^'B/93 


24S46 


So//-//7cor7cr^7}f  m  cone  cofH 0,9  of  /f/^/in€foe  *i/o^r 
>/v  cor  o^o(/f-3foSoi/iffArf€ffe5€ar'3ao'jVcfS/^>€  /fbtffTS^, 


CO 

bJ 


^ 


6JnOK/fA¥£^  0ZOO  20^39 


So/f^.concr^T^  00  Jm/step  of  J-  H/.  m4v?^  n^o//  of 
/^/^i)rfe/f^GOo  'H^st'ofSn>of</jmv€/9/^/^Sf^ 


msi^HEjrp  ezof 


C/rit/SJTKW  3ZOZ 


Z39^^ 


3oJf//?conctytv  Coptic 'rfAih/«>p'»/'0'f  i^^s^^ 
a^Tm  e/?f  of  rv/yr-o  <»  y  J^r^/^f  e  j^  MfAf  9vesf  o  f 


30. /62 


Sa/fQU>e7owAr}«fL^^€aron  S.w.  cor  ofi^sf<9^f*^ 
o//ftasor7€tryP^l>rMff€.Qr€^f^on*cCr'9^Ac  jAf'/e 


^'/iKiYffe 


BZO^ 


f3S473 


o-f  rtt/'/roa4^rMf9^  /Socf  M/of  3il/^9r^/P0/r7  /?/i. ^rtf. 


yj!PW/^K 


fZOA 


3/5/3 


/fw.^sfanat^re/  a/tf  ^J^cor  df/nt-of  yap/?^nA  ^/^bn^tr? 
7&/  vcv^yg  ^^^^  3S^^td  m/.Pa/e, _ 1 


B.W.S.    449 
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TABLE    62 


IDCAUTY 


nsTmafiM 


AM. 


oiMim 


(/MS. 


a4.4€© 


DSSCJffPT/a^ 


■^ 


Amf^H^  y-/artJ^  cf/f/b^ns 


Sf^He  A/sJi/c  yelpoki  ^o/^t  }iHHkhrnp^iea4itir)y^/»^ 


o 

i 


\ 
CO 


>- 


o 

CO 


C/^i7//>W8fa7 


41 .19 1 


u/ifDi0uifm  & 


35.337 


Highest Pt  of /f<»ffwrreat If Aot/fzart-fivm  Shcc^^  Ccpakf^ 


U0O£M/flnrsr    J 


33.889 


aef7tccfiperN«///n*USi€feC'/^crry//vcjss/='tACat'Sfi/or9 


LiiOiMmS. 


e2.73C 


UMOBJUH^insI 


tf^/v/7V///>7  ^sy0f^a^  7^/fo^  mS^4^  /«-^  tO-o^?*  eo/r  o^Cm^ 


UiMUif/fSl    6 


65.37^ 


'-^»«^  y-^f*Tm/4rfr*f 


UMOlMyuHS)     7 


45  ^^O 


C^ftmr  ncu/JnHi*iW»  7h//9^Jim  at3,£  ttar-.o^  Fitr-^Mrt^^^af^  /f^ 


Boh  m  too/,  on  £.  sttlm.  of  to'  /on^  ptac  ¥-r€/c,  jr5'«5.  cf 
CvUcfa/f  /^et.  4  ol)on//00'h/.«fHctiA€  of  cr.  Oonn^/^ 
Oicf.  Art.  £K  3J.f/t  O^yg-^rot^m^i. 


dJiancM 


50.8€ 


l¥/r^ nai/*n a/»/ifff  trc«  h ' />€)n7 MJEe^n  of //r-no/«/ ^^  Vi^^^^a 


QABfL6// 


Z8.C5f 


B.W.S.   390 


u//Of/f/f&/fsr  /o 


z/?cAurr 


B.Aff. 


£/jyA7m 


18. 5C4t  "^///bJn  //y*^' 


0£SCmPr/i/A/ 


& 


P 

5l 


I 


imiiui/HS'^ 


// 


Z2.2ZS 


iVirm  naif  in  l>Vi  side  o/'7c/^»€>/c  €rt  3.£:  aorr  ofHvrt^h<^ldt^r« 


[///Di/lf/M//fS. '  /Q 


34.376 


Wire noif in  rrto/ifm  /rmm  orj  &  a/ols  r^ttm^.  ^<»*^*f .•/"-«*»»  ^ri// 


i/^Q/J///lf/(5< '  /3 


44.G57 


rttr*^ 


AT.  €>/>^^/C 


UM0i/IMV9S 


/4 


40.651 


IVfrmna*/fn affta/Z^nc  ^£c»r:  of  ff'Oam^^^rff  L./n^f^nhUfS'^ 


<r^MA  a«rz  or"  O^zr  B*i 


/fM/TfmU    /S 


f/JH/Tj/VUU 


ffMiTWlU 


18.034 


/6 


n 


ffo  aef  /'tin  rt  i  ng  N- 


30.3^7 


i.fnm  fPmf.  ^^O/r/aion  J^ym . 


3d.500 


fVira  no//  *'n  ^^ofofO^AT  7>«c  or»/»<  e*€/m  roa^  c/o/io^i^c  c»n 


OS 


/j/nmiffiu  /g 


5Z,ZJS% 


^tf/-««»/A<»tt# 


/fMmniu 


B.W.S.  381 


/9 


4O.069 


AfcoH/fd    fO'AZ.m  of^'^^ 


^  ffr^tff 
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TABLP:    62    {Continued) 


ims^ms) 


lOtXAUTY 


ifMiTfmia 


C0P/4au£    Si 


3M. 


^O 


i/^/f€/fmm    B2 


BABfUM 


3sBno^ 


W€S7/^Uf    Ze 


airs//o/r£ 


e^rSHOifi    2t 


BAYSHm    S9 


S3 


s^ 


s^ 


97 


S/SyA7Xk¥ 


37.0Z4. 


d.876 


1 1 .014. 


IZJ90 


h//rc  rtoi/irt  i'ooi'  oV*  OofCTF^c  of" S^.  eon  •/'//«/-*v'c  /?*</ 


3.041 


14.665 


39.Z06 


44.359 


33.411 


32.534. 


psscjf/pr/ew 


/tire  ^^arr-JaonS^. 


'r^airt  -mre  omft  e 


T7u 


•/wc 


^a/r*   ^  to' Ac.  a/*^  '"-♦^  "^ 


O 

UJ 


CD 
I 


CO 


hftrv  /tai/i^  snurJ/  ^ff9  Vre^  d/rdT.  <9/wfm  o/VW/y A"* a  /fttmr-  /^t** 


^•t-o'^  o-P. 


to 


D.W.S.  398 


laCAUTT 

AM 

jTimmif 

D£scp/pr/o^                               ^ 

m^^ow 

SO 

49.688 

3/93flOJIt 

J/ 

13.659 

BJ^Bf/O// 

rj2 

23.146 

9ft^  ccr-  o/*/a/-/f /*>«• 

^^/yy^/uA 

33 

46.181 

of /fcf  running  pamt  St  O^mirfio  Crrty^f^  ^^  Jf^^o/'ffj  *y. 

ffMlTYr/i-i^ 

3^ 

30.030 

py/rA  nai/  in  roof  af/r^e  jSMTootr  oP /^/Semy  ^^^  *^/M 
go/n^^  to  o^y/ufff,    8SOC   AC  t»^  tfi/R 

BPysHOffs 

JS 

51.411 

Spiffs  iff  roo*  of  Uifo  j»/rt^    <50*S  ef^/f^if^ 

B/7TS/^o/f£ 

Jl 

47.734. 

Sfiiffit  in  root •/' fvrym /a/n^  or,  ^'..r/Ve  of  Afvftomys /fid  ^O'*^' 

pmTrr/a£ 

37 

43.003 

Spiffs  in  rool  0/  OmH'a*M£.Aor  of  Dixon  ^-O^j^^/o*^ ^^^9. 

COf^^/Ci/£ 

39 

30.4IG 

S^itf  iff  /-««^  of  O^/f  trmm    0/  H£,  aor-.  ofGrm»t  Mootr  tfd. 

co^^/e4/£ 

39 

38.859 

BpiH^in/^inm  tr^m  mtJLJE.  Ook  0^  C^r^r  ^^Ctr^^  ^  r^.tm 
t/n4^Of0hormt./7hov*  ffrwi/o  AH  mP Co^mtfV  fttfftm. 

o 

UJ 
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r 
CO 


O 


o 

UJ 

<o 
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loc/furr 

aMi 

tieiwnim 

PiT^cm^noN                                     (SI 

eop^iC(/£ 

^O 

^C.e57 

eo^^/s(/£ 

-#/ 

53.d4C 

BffBYlO^ 

4-e 

316.814- 

o/mfioiit 

¥•5 

2J6.573 

OftOYtOM 

-f* 

33.557 

S^itfm  in  M/^/ti  m* H£.  oor  •  fPmmr  /%rir0rm.  V  Af¥ff€.yk if^- 

ffJ93YlOfi 

<s 

31.4-10 

9^t^itt  9i^4f^—i  mf  SC  «»/i  •^/^fv^cyi  /fl^.  %^*ys^'m  ^9^«. 

OMYSf^CitC 

^b 

563^5 

e^yjHORe 

4-7 

42.415 

M/sMOfm 

49 

5+.59Z 

tfmit 0r,^ir m^  M¥¥L <:•/:  -^Jf^ •^M^J^  •/»>V«'^»«/>  ^i^^Mm^^ 

ff^YiH^ffff 

49 

30.690 

CO 


QO 

s 

I 

CO 


X 

u 

> 
ft: 
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LOCA770A/ 


a0rsHox£ 


X5UF 


B^ysHCife 


MYSHQMie 


O0Y^MOfrie 


iSUY* 


93UP 


f9ue 


/jz/y" 


e.s3ii^ 


OM 


SO 


SI 


sz 


S3 


54 


SS 


51^ 


S7 


Sf 


eumfw 


1^7.^5^ 


30.ZBS 


Z9.903 


Z8.45Z 


22.268 


22.649 


28.349 


25.467 


«     ai.33Z 


35.987 


JXJC/F//»r/^Af 


^ 


4  o^j»omiM  z  -^/^^ 


•rr 


i^Km,  ift^»  or/'/V/y  «•#;  vf /gj^^  ^•v/tf/^O'/-^/  >iro^r»«>^  #/. 


BmffM  ^^''^^  9fO«fr  «/  S'MC^mr,  •/*  /r/^  ^•«s/«#'«r-V 


Spiffs  in  romf  9^  O^Jt  tkf  Jf.ftto«f*  9^  U/tj»  0ouM»<€tftf 


iYj0s¥  M  »/yM»c/7«/^#  /M  H«f»iam. 
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iOC/9iJTY 

O-At 

uomwt^ 

£?£Sc/Y//'r/a/Y                                      (B 

£.iSUP 

LO 

t9.730 

ONsyio/v 

^1 

2.4.305 

O^BYIOH 

IZ 

39.511 

7^'X  9^0^.  **•  /r^^y^m.9/   C/*»S  /^o</«e 

OAaYtCSf 

ca 

38.589 

e^SYlMT 

«# 

53.6  It 

r¥n^*!f9^  jT.  ^^^•trmr^g  /Y«^^  /Y^m/  C/^S 

a^ffyiOAf 

es- 

39.0«0 

a^j9Yic/¥ 

4^ 

40.I58 

B/fSYMPfif 

47 

38.391 

003  YMM 

66 

37.670 

a^anofif 

^9 

43.856 

-tr^^vfjtt^^f^f^  «^A  j-/V«  9^/rpf,  vV-tf^'AC  •*«'-^  *'^7 

o 

lU 

i 

I 


o 

bj 

A 
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03 


iOOfUTY 

3Yf 

eufstimt 

B£SC3ii^TfCH                                                      ^ 

tBYYBYlBtt 

fo 

5b.  163 

BBDYloa 

7i 

60.846 

s^/yyiOAf 

TT 

«.64.7 

O/f3Yl0M 

7jr 

36:d50 

e^suBM 

7-# 

35.^^ 

a^3USJY 

7.r 

S^.SBS 

O^BYIO^ 

7< 

41.BSS 

9YYMa0/KM 

rr 

SO.B44> 

m/mMBCH 

79 

5S.Z30 

Tftfc  •^/Mrv^^myA'0m  <fl!r//wA7/i /9'ir^Ym  >fW  t*© 

m^^MHtCM 

7.f 

C4iSOl 

iYY^'f^fo^/r^.^  'TfV^r-*^  jac/^4»r,Y^ 
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lOC/fdJTY 

3Af. 

euMTim 

0£SC/^if»T/Ot/                                                       (S)| 

OAOYION 

so 

^-604- 

o/iars-otif 

Bi 

3d.l60 

^•//  /^  0»/r»*v  J!*/V«  •^/TtZ-^o  MV^/rM^or^eA.  /^»»'Mt 

B/fOrLOAt 

sz. 

42-375 

^  SOO'JT.  O/'C/C  Offrt^  *^  <*/  Scrrt/  irr  ^^Ca. 

WimOHNCH 

83 

Sa.Mt 

HtmOMffCM 

84- 

50.S13 

9/  /r«/^«^  o^O^or-  /^^/r  LoAc. 

onoYio/^ 

BS 

4H.S77 

o/^enoN 

ei» 

59.636 

«^c»»r.  ^/"Ma//*  M^U0^a  /r^. 

0/iSYlON 

67 

Qt.lB^ 

ocen  r/mt( 

88 

7I.905 

oeesffm/f 

69 

63.675 

o 

5 

UJ 

01 
O 
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UJ 
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Loa9UTy 

3-M^ 

^LEwrrm 

a^c/f/f^r/oAf                                      ^ 

m/INMMCft 

90 

^x-jeB 

wr^stomc/f 

fl 

C3.ZI0 

0o/t  in  0^/monf-  J^forr  f\*m/  9/^.  #/•«  o/*J,/^  «te^>^</^«/  - 

Fme  Ljf0!¥ 

9e 

3-5.077 

B^l-t  in  9ntm/t^fnm  «rf  AlJE^.  •/*/;t/«^««*-^'^<*  •fi/Ttf.S^^^^W^ 

rfNEUf^Af 

93 

cs.za 

rfN£Ufl¥/Y 

f^ 

d^.tSo 

PtN£LfftYN 

fs 

74.3*7 

OoH  in  root  •/'^/r«    oy^  *^  «/</«  »/'^«fi'/»/»/«»^««  /fV^y^^»i^^ 

• 

PiN£lAl¥M 

9C 

^TltZ 

PiNeLfltr/^ 

?7 

C7.009 

F^iNEUIIfM 

?S 

78.IZ.1. 

riNci/^mf 

99 
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QQ 
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LOC/PUTY 

OAT 

axmnofi 

/HfSC/r/Z'T/ON                                                          01 

riNCLfilfH 

too 

8+.517 

o^ayLON 

fOt 

2.472J6 

O/f3yL0Af 

torn 

t^JCTjZ 

OAOYION 

/C3 

Z3.88Z 

a^eyiofy 

f04- 

36.)6d 

B/fff/lOAf 

fo^ 

44.540 

M3YLOf^ 

/o^ 

M.M'-J 

0/f0yiofi 

/07 

38.813 

^^/ff'c/ra  ^9f7*.  ^A»i/^  M-oo'^ »^/rfiiJra  ^k^70/ 

D/f3yiON 

/OQ 

56.155 

a/9ffYJ.of\f 

/09 

51.738 

Oo//'  M  a/r*9// /^/f?^    <r/A/^^.  00^.  m^^  jff^^tTA*^^  /f!/i^ 
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UJ 
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&£:e:frF»frtf 
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72.237 

pee/rnnffH 

III 

78.678 

Qee/^f^ftH 
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^DG£l¥OOD 

IIS 

70.4^8 

EOG£lfOCO 

//-* 

^7030 

3/fYSHO/r£ 

115 

66.937 

• 

o/?syj.o// 

//fe 

53.Z87 

MYSMO/^£ 

//7 

61.653 

A/,  o/"  /fer/i^Jr^  To  i^^r 

e/fYS^CJfS 

//^ 

Z6.54-f 

3^YM0/r£ 

//f 
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a^/Z/zf  r^ot  •^^/rrc  30*/roJr^.  ^-^^ 
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o 

p 

& 

ID 
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LOCflUTY 


O^YSHO^£ 


eo^tf^ooD 


ED€emaoo 


£P€£trooo 


eDc^jrooo 


B/r£^T0OOD  /^^ 


9^£NTtYOOO 


oneNTmoD 


OPySHOfT^ 


BffYSH(W£ 


&jn 


/xo 


/»/ 


f»3^ 


/X3 


/Z4- 


/Z4> 


/»7 


/xe 


/Sf 


Euismiw 


^O/ftS" 


^6.96S 


73.736 


?3.935 


?5./^2 


^e.3d^ 


13.)?LZ 


7037^ 


670/0 


363^:0 


oesc/rff^Tfo/f 


'.^f^tJi^f 


7^^'jsr.  •«/' 


C:r'4»t^',rts  •«/'/1?>0f  ^f/S^Xsy  '^fo'S.  •^  Cmn-^rttf  J^t'rtC  Tr^mcfT 
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UJ 

§ 

>i 

S 

I 

1/7 
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(n 


kJ 
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Eur/monf 

oescmFT/oN                                     (A 

OffrsMcws 

/JO 

3^61 

O0YSHOff£ 

/3t 

+I.B59 

eoO'/V  £  tf/*^  /r/9/t^. 

BffYSHOfr£ 

/JJS 

.rE.5-35 

So/"/  /ff  /-••/*■•>■«»/»»•///'/>»«  0^  ^.  ^/V«  •y//o/^cy  a*-. 

0/fYSHOfi£ 

/33 

50.084- 

0^YSHOfr£ 

/J-f 

70.143 

0ff£NTmoL 

/35 

CSJ09 

BffYSHar£ 

/J6 

54-j0$3 

^taye/e  ^^A  cr-pss^s  /f<^.%^/mt/c  ^.•/^•rp^iS^irAf^^re. 

OffYSHO/r£ 

/J  7 

37.^^3 

OJ^YSHOffE 

/3a 

2T20Z 

9YfYSH0ff£ 

/39 

33.002. 

2 

o 

8 
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ID 
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BffYSHOffS: 


OfiYSHOffE 


OffENTWOOO 


BABYLON 


BffBYLON 


LOC/PUTY 


WI^UP 


qayshore: 


BAYSHO/fe 


&AYSHME 


e/t£MTwooo 


BAf 


ewmvew 


/4-0 


iA-t 


/4i5 


/-^^ 


ff/f8/>ifrc   /rt  /€»r-f^  /^>7«  /oa'/V  «/'/^/«/^jec//«^  •/"  jg^jff^^ 


St>.SO^ 


JTi.llZ 


30.4.97 


/^4 


4^.583 


J45 


IA6 


IA7 


IAS 


14.9 


33.34>5 


V^.6J;^ 


H-^rfz 


S0.443 


81.743 


D£scmprioN 


1 


^  ^oM  ♦•  7^'/w  o^  c»/7 


/K. 


/»»-€  not/  in  /-crv/  o/"  /ory«  /=?>/«   /SC  N  oP  iT^^/^e.  Aooje  6»/ 


h^occf  rooct.  E.  or  fffe/e.  pro/>^r^  artef  o^ct^  qco^  Af.o^ 
Mynci/  ffal.C Nvni-m.t'^    Ave) 


Qo/^  m not  oP^'prne  on  £.5 /dm.  cf  /.^  h^ooc(  roact  EcT 
Hycf^  ptopt.r-fY 


3o//  tn  sicfe  -or^'^wtn  pine^  on  W.^iac  of  f^'  k^oodrooet 
£■  oT  ffyetcarepertu ,  atiotr&2.;iOO /t^  Af.  of  Mt/ncu /Eooet 
(^on-f-^ri  Art.)    3ort  W.  ofTiA^h^^J/^SS 


80//  in  root  of  e"  Oak  about  ^/^  /»//«  Eo^tcE  B  r€nt»*^ooa 
en  roaa  to  Centra/ /s/^p  at  ^.w.  Cok.  e/*  ro€tei  i/?t^rscctfon. 


O 

lU 


S 

I 

(0 
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z 

UJ 
GO 

>- 
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o 
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CO 


LOCAUTY 

B.M. 

ELEV. 

DE^CRfPT/ON                                 m 

CEAfT./SUP 

150 

90.506 

80/t  in  root  or  large   pme  ,  oiioo*  Imi/e  AK.  cr  Centra/  ts/ip 
at  A/.E.  Cor.  of  intersect /art  of  rcetct  trom  ^//p -fo  Srent-w^ , 
arte/  maet  -to  tt^ii^aaaua^ . 

CENT.  /SUP 

151 

81.161 

Qo/t  fft  root  oT  Jorge pfoe  a^out  ^/t.mi/€  W^ofCentra/  /slip 
Oft  ^outh^ic/e  ofroact  toSrmatkrood. 

CENT  I5LIP 

i5t 

61.9IE 

Bott/n  root  or  /2  "Che^t/mt  on  /Y.  3/ctC  of  rooa  to 
0re.ntwooc/  otoot  ^  mf/e.    IV-    of  C€.ntro/  /^/r/o. 

CENT/SUP 

153 

87.875 

CENT/^LIP 

154 

69.885 

L.IBM. •-#//.  Nut  0n^.  tY.  cammrtf.ft.  ^if/99t/9oat  ;3COO '^4f 
Centr^r/  As/ip  ^Sfoti'o/t,  At.  of  ft^ck. 

CENT  /SLIP 

155 

52.65& 

Qo/tat^Mtae  of/Chr/r/^OaA    Soft,  ^.ortrac/c    anat  zs^f- 
*•■  or  H^ee/er  ^yft.  asovt  /^  mites  £.  orceatro/  t*/ifo 

^.^.    Sto-t/or?. 

CL/rr-isup 

156 

44-356 

BcttSji€/a  1lifeyraph/9ote*0S9;JO'M/f./f. 

CENT/SUF^ 

/5T 

47.366 

00/ f  i9p  A/acM  and  nYii/B  post,  /O  V5.  RB.  0/1  cu/t^rt  ^i^r 
Cortftef^oot  Br>ook. 

CENT  /SUP 

I5B 

71.^88 

Bo/f  ME^tKte  /a''aak^JO'6./9.B,  /CO'tY.of  Ojchea^  /food. 

CENT /SUP 

158 

42..  030 

fia//  roctpin^at  in^r  of  roads  Yk  mi.  A/.B.R.  mmfJ/kml  E,  of 
C^nttot  MipSUtffon.  B.t^./J^'kY.oTinfer^ection. 
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m 


LOaiUTY 


C£NTtSUP 


BM. 


160 


£L£^. 


51.185 


OEScmpnoN 


I 

a 
I 

I 


CINTOUP 


161 


68.95C 


Mail  f»oT  /£  ~  i^ctMt,  inTmrsmcftSM  cffgncms  and^fi^iM  m* 


y. 


$tul npt  smal/ paft^nJL^tOm  mf  inmrsmcnm^ ^ n^as /Jkmj. 


I6t 


%^»b^ 


at  ift/krsecfff^  af/9^s  AoTFi 


fmupmuujt 


165 


59.798 


Mail  roof  T4-  cherru  at  iftmrsecno^  ofrooi^s  Ao/fimfu 
^Tifsen  LakejfoniroftHomc cna  /rAifpp^t/^t/m  o/tdJkm 
ScfCoonfryl^oatt.  '^  ^ 


Mail  fToof  /O'oetK  at  cross  /om€tS  Pk  nmu^/ive€if  JLaAe^  . 
ffonkonliomm  mnof  Hat^Ppatgaue.  S.  jt./s  Jf^s^t^fhor/^- 


164 


59.t80 


Mrsecf/'ofi  cutdiM  JY.  siSkoProad. 

Afiotl  root  ^fdnt  tvio/zH/t  n^oo  <vf  o.  sMioaf/no/Vt  roaa.  /79m/. 


\SMrrMTOt¥N 


165 


55.560 


^Naup^u^ue.  B^Af.  /J  ZOO'C  o/cross  roaot<s. 


VflT/fTOlTM 


166 


Bo/ffioof/o'/ocusf/n  Ai£.a/fo/e  ofn>ads  of  A^uppaoauo 
aHUfnsJsfmaf^knce/^'JEsf^cfM.  ^    ^ 


»€aa  na/i  m^tanrooM  oin  Ifirsldo  rost€t  fmn  Jm/mi^Mnf 
wOficA  to  ^auppatMa,onot  al^oid'Jimd.A/.mf/iloopfSmtffim 


\smm7wim 

BftAl^tCH 


167 


66.JL67 


^ftlTHTOtVlA 
B/filWfCtl 


168 


74151 


Hoad/9o/l  in  small  ooH  om£.  skfm  rood  ff^m  OmiTt^t^^^ 
9rancA  ^  /tttuppatfqua.  BM.  as  a0o^JJ"Alafif9Mr.  t/roaof 
fbS-  a/^a^yA€lf/fr»uMt:SmitMtr/tSraad/yky. 


Tot 


Btl^nCM 


169 


60.765 


:  /VfMrSi 


ansric/t  io  t/amp^oetvat/e^ 


front 


mi 
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BM. 

£L£\^ 

OESCNiPrtON                                                ® 

(^£ATIfM£^ 

no 

3^.404- 

Oo/t  m  roo/  of  /Z '  fitot,     ZA' Al.  sf  ^  Z^K 

5ABYL0y 

171 

6.673 

M.£..Cor.  of^'Mn^  Mctttmiont' a^  S.W.  Cor.  of' Main 
t   Thontfiocn  *5t^. 

BABYLON 

172 

^^6  5 

N.E.Cor.  of  Aloft€.  Monum^nl  at  N-W-  Cor  of  Thompson 
on  of  Pojoi  /9}fcs. 

BABYLON 

173 

Zeis' 

Bot'f-tn  bolklio.aei     ^.'f^-o/n  ^^-    at   Tlelo.  ^n^m  tn 
West  CrteAc    at  Searlo^   tfoat  nouso. 

GnKrmvtR 

/7^ 

IS  JO 

If  Oil  tnroot  of  p/no  trco,,  f/usn  wttM  groiutd.    S4'  £.  of 
axis^    on  yr-ororoo.  Ji/no.. 

M  ISLIP 

/7S 

1/360 

N€m  in  3'Oaic  on£..sn/a    of  tltg^OfOlffo.  3LOQf*.N.»f 
Sou4ti  Cooalt^  irooel. 

W.  ISLIP 

176 

10.247 

Oo/t  to  root  orzo'Ooa  on  S-J/olo  of  ,Sot/tA  Covttlnl  ^ojt 
cppo*/t€     /tt  romM.   M.  ofiYoosto^ri  /^r*M. 

BAY^HORl 

177 

12.^41 

OoM  t/»  roo*   of    Z"-  MfckoMf  tr^o  -   7M.    ««/-««  ^.  or 
ttoao*-  d~ono^  on  ^cv^h  Cawt^rff    t^»aot. 

BAYSHO^S 

176 

S.23/ 

Bolt  //»  root  Oft  It.  at  do.   of  tf^o. .  i^  •f  Pttt-M  /fyo .  It 
3tol€  of  Soolli  Covntni  ^•-wr. 

BAYSHO/fC 

/7B 

I4^S24 

NOtI  f/t.    TTtl.Po/o  f/mt-too,   /  f*.  ohot/'o  ^rovnol, 
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APPENDIX    C 

TOPOGRAPHICAL   SURVEYS 

BY   JOHN    L.    IlILDRETH,   JR.,   ASSISTANT   ENGINEER 

As  soon  as  the  triangulation  work  was  well  advanced  in 
the  spring  of  1907,  the  topographical  surveys  along  the  pro- 
posed aqueduct  locations  were  started.  All  the  traverses  were 
carefully  chained,  but  the  topography  was  taken  entirely  by 
stadia  methods. 

Organization 

The  survey  parties  were  made  up  as  follows:  Assistant 
engineer  in  charge,  one  instrument  man  (rodman  or  axeman), 
recorder  (rodman  or  axeman),  and  four  to  six  axemen  and 
laborers  to  run  stadia  rods  and  clear  the  lines,  and  chain  the 
distance  between  stations. 

Methods  of  Work 

Parties  of  this  make-up  were  usually  able  to  cover  a  strip 
from  600  to  2000  feet  in  width,  at  the  rate  of  about  1J4  miles 
per  week.  With  the  exceptioil  of  one  or  two  small  traverses 
at  the  outset,  all  stadia  traverses  were  measured  with  a  chain 
and  the  distances  corrected  for  temperature  and  to  United 
States  Standard.  Numbers  were  adopted  for  the  traverses; 
1  to  299  for  Babylon,  300  to  599  for  Patchogue,  600  to  899 
for  Moriches,  and  900  to  1199  for  Jamaica  division.  Stadia 
stations  were  given  the  traverse  number  and  lettered  from 
A  to  Z.  Shots  were  recorded  by  noting  the  time  at  which  they 
were  taken  and  also  the  rodman's  name ;  for  example,  a  shot 
taken  at  10:15  on  Rodman  Powell  would  be  marked  "  1015P." 

The  assistant  engineer  in  charge  used  the  same  notation 
in  plotting  all  important  shots  on  the  sketches  of  the  topography 
that  he  made  in  his  book,  so  that  the  office  force  could  readily 
work  up  the  details  of  the  maps. 

At  the  outset  it  was  recognized  that  in  the  western  part  of 
Suffolk  county,  where  the  land  was  comparatively  level  and 
covered  with  a  growth  of  scrub  oak  and  pine  from  8  to  10 
feet  high,  with  an  ordinary  tripod  a  great  deal  of  trimming 
would  be  required  to  properly  cover  a  strip  1000  feet  in  width, 
which  was  considered  necessary.  In  order  to  overcome  this 
difficulty,  a  tripod  8j4  feet  high  for  the  instrument,  and  a  col- 
lapsible platform  for  the  instrument  man  to  stand  on,  were 
designed.    One  of  these  tripods  and  a  platform  are  shown  on 
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Plate  55.  Six  sets  of  these  were  built  and  proved  very  satis- 
factory. They  permitted  the  instrument  man  to  see  over  all 
brush  that  was  not  over  eight  feet  high,  and  the  shots  could  be 
placed  to  great  advantage  at  a  distance  of  600  to  even  1500 
feet  from  the  instrument,  with  very  little  trimming.  Rods  16 
feet  in  length  were  used,  and  nearly  all  readings  were  level 
readings,  which  very  materially  reduced  the  office  work  aiitl 
eliminated  many  opportunities  for  error. 

The  heads  of  these  tripods  were  made  of  two  layers  of 
white  pine  y^  inch  thick  and  a  top  layer  of  oak  of  the  same 
thickness,  with  the  grain  crossing,  and  all  held  together  by 
brass  screws.  The  six  cleats  forming  the  bearings  for  the  legs 
were  bolted  to  the  top  with  >^-inch  bolts,  the  3  inner  ones 
being  one  inch  longer  to  hold  the  hexagonal  stiffening  piece  on 
the  bottom.  The  heads  of  all  bolts  wxre  flat  and  set  flush 
with  the  toj)  so  as  not  to  interfere  with  the  trivet  on  which  the 
transit  was  mounted.  In  the  center  of  the  top  was  a  round 
hole  five  inches  in  diameter,  which  gave  plenty  of  room  for 
shifting  the  instrument  when  setting  up  over  a  station.  The 
legs  WTre  of  oak  three  inches  by  four  inches  at  the  top  and 
tapering  to  Ij^  inches  by  two  inches  at  the  bottom,  grooved 
for  five  feet  in  order  to  lighten  them,  and  shod  with  iron 
shoes  having  a  lip  at  the  top  to  drive  them  into  the  ground. 

The  platform  was  triangular,  the  top  being  about  four  feet 
on  a  side.  The  stand  consisted  of  two  panels  made  of  two  up- 
rights, two  inches  by  four  inches,  held  together  at  the  top  and 
bottom  by  a  1-inch  by  3-inch  strip  with  a  diagonal  of  the  same 
size.  These  panels  were  hinged  together  by  two  tight  butt 
hinges.  The  third  side  consisted  of  two  diagonals  one  inch  by 
three  inches,  hinged  at  the  top  by  tight  butt  hinges  and  at  the 
bottom  by  loose  butt  hinges.  By  pulling  out  the  loose  hinges 
these  diagonals  could  be  folded  in  and  the  two  side  panels  folded 
together  and  hooked  for  transportation.  The  top  was  hooked 
to  the  stand  at  all  three  corners.  Twenty-four-ounce  plumb- 
bobs  were  used  and  the  instrument  hight  taken  with  a  steel 
tape. 

In  the  central  and  eastern  portion  of  Suffolk  county  these 
tripods  could  not  be  used  to  much  advantage,  on  account  of 
the  rough  country  and  heavy  growth  of  trees  above  the  top 
of  the  tripods.  Here  the  ordinary  tripod  was  used  and  short 
spur  lines  were  run  on  both  sides  of  the  main  traverses,  m 
order  to  cover  the  ground  without  unnecessary  trimming. 

The  method  of  the  field  work  was  as  follows:  A  transit 
wa«^  set  up  on  the  ordinary  tripod,  or,  if  the  high  tripod  was 
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used,  on  a  trivet.  The  angle  from  the  rear  station  to  the  for- 
ward station  was  turned  from  left  to  right  from  two  to  four 
times,  using  either  sight  rods  or  plumb-bobs  for  sights,  and 
the  value  of  the  angle  computed.  The  instrument  was  then 
set  on  the  back  azimuth  and  on  the  back  station,  then  turned 
to  the  forward  station  and  the  forward  azimuth  read  as  a 
check  on  the  calculated  azimuth.  The  magnetic  bearings  of 
both  lines  were  also  read  as  a  check.  Stadia  distances  and 
difference  of  elevation  to  both  stations  were  also  observ^ed  to 
check  the  chaining.  When  the  stations  were  over  500  feet 
apart,  a  field  check  for  elevation  was  made  by  setting  up  the 
transit  half-way  between  the  stations  and  taking  level  readings 
on  both.  In  this  manner  it  was  possible  to  carry  the  levels 
very  accurately  from  one  bench-mark  to  the  other. 

In  taking  the  topography,  the  stadia  rods,  two  to  four  in 
number,  were  strung  out  at  right  angles  on  one  side  of  the 
line  150  to  500  feet  apart,  depending  on  the  character  of  the 
ground,  and  all  moved  forward  as  far  as  desired.  They  then 
crossed  the  line  and  moved  back  towards  the  instruments, 
maintaining  the  >ame  interval.  In  some  of  the  parties,  whistles 
were  used  to  direct  the  rodmen  in  the  thick  scrub  oak  when 
they  were  out  of  sight  of  the  instrument  most  of  the  time. 
Each  rodman  had  a  number  by  which  he  could  be  called.  When 
the  .instrument  man  sighted  on  a  rod,  he  gave  the  rodman's 
whistle  number,  and  if  he  wished  him  to  move  to  the  right  he 
gave  one  short  blast,  or  to  the  left  two  short  blasts  of  the 
whistle.  When  the  instrument  man  had  finished,  he  gave  the 
rodman's  number  again  followed  by  one  long  blasl,  when  the 
rodman  turned  his  rod,  with  his  back  to  the  instrument,  and 
moved  to  the  next  point  as  directed  by  the  head  of  the  party. 
This  was  found  to  be  a  very  easy  and  quiet  manner  of  handling 
a  party  in  the  field. 

The  traverses  were  run  between  triangulation  stations,  and 
as  soon  as  the  closure  was  made  and  the  traverse  completed, 
the  notes  were  turned  in  to  the  office  to  be  reduced,  and 
checked  and  plotted. 

There  were  two  methods  employed  in  closing  these  tra- 
verses ;  either  the  error  of  closure  in  azimuth  was  distributed 
equally  through  all  the  sides  of  the  traverse,  and  the  traverse 
then  closed,  or  it  was  closed  without  any  correction  in  azimuth. 
After  the  error  was  determined,  it  was  distributed  in  the  usual 
manner  through  the  northings,  southings,  eastings  and  west- 
ings, and  the  corrected  distances,  bearings  and  co-ordinates 
of  the  stations  calculated. 
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The  work  was  plotted  on  white  mounted  paper  sheets.  26 
inches  by  40  inches,  to  a  scale  of  1  inch  equals  200  feet.  The 
working  sheet  consisted  of  three  squares  by  two  squares,  the 
co-ordinate  lines  being  2400  feet  (or  12  inches)  apart  each 
way. 

The  stadia  stations  were  first  plotted  by  their  co-ordinates, 
with  the  number  of  stations,  the  elevation  and  the  line  connect- 
ing the  stations  inked  in.  The  side  shots  were  then  plotted 
and,  in  most  cases,  inked  in.  Then  the  topography  and  con- 
tours were  usually  put  in  in  pencil  and  afterwards  inked. 

I>y  this  method,  as  soon  as  the  shots  were  plotted  and 
inked  the  contours  could  be  drawn  in,  if  necessary,  and  in  no 
case  would  the  elevations  be  obscured  by  any  of  the  following 
work. 

Average  error  of  closure  of  traverse  1/5900. 

SUFFOLK    COUNTY    SURVEYS 

The  amount  and  cost  of  work  in  Suffolk  countv  is  as  fol- 
lows : 

Length  of  traverses,  miles 213.3 

Number  of  stations 2,595 

Approximate  number  of  shots 41,838 

Area  covered 

Square  miles  28 .  76 

Acres 18,406 

Number  of  topographical  sheets,  26  inches  by 

40  inches 134 

Salaries  (survey  and  calculation),  materials,  etc. 

(no  executive)   '. . . .  $42,058.85 

Six  8'/^-foot  tripods  at  $20 120.00 

Six  platforms  for  8j^-foot  tripods  at  $6 35.00 

Total  cost •. $42,214.85 

Cost 

Per  mile  of  traverse $197.90 

Per  square  mile 1,467.83 

Per  acre 2 .  29 

On  Sheet  174,  Ace.  16094,  is  shown  a  typical  set  of  field 
notes  and  tabulations  of  errors  of  closures  of  the  traverses  in 
Suffolk  county. 

All  traverses  were  tabulated  on  8;^-inch  by  11-inch  tracings 
which,  when  blue  printed,  could  be  cut  into  5-inch  by  8-inch 
sheets  to  insert  in  field  note-books. 
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TABLE    65 

Tabul^vr    Statement    of    Error    in    Closure    of    Stadia 

Traverses,  Suffolk  County 

Azimuth 

Length  of      Length  op      Closure  Error  Error 

Traverse  Number  Traverse        Traverse      . > .  of 

Feet  Miles  Minutes  Seconds  Closure 

1 

1 8.536.4  1.616  02  57.8  

1738 
1 

lU 2.484.1  0.470  01  20  

1533 
1 

2 3.412.5  0.646  . .  

2280 
1 

4 6.233.2  1.180  00  40  

1070 
1 

5 862.7  0.163  02  00  

750 
1 

6 4.180.8  0.791  02  00  

1060 
1 

7 2.253.1  0.426  00  20  

1050 
1 

9 3.201.6  0.608  01  00  

1730 
1 

10 7.365.6  1.395  01  40  

1370 
1 

lOB 2.413.31  0.457  02  54.5  

6S7 
1 

ION 5.488.19  1.039  02  02.5  

1660 
1 

11 8.092.28  1.532  00  13.1  

9954 
1 

12 5.310.93  1.005  01  00  

11908 
1 

13 1.921.08  0.363  00  20  

10673 
I 

14  .^ 6.850.24  1.297  00  15  

8782 
1 

15 6,809.73  1.289  00  03  

7918 
1 

16 5.516.52  1.044  00  01.3  

22986 
1 

17 5.068.40  0.959  00  07  

4407 
1 

18 12.687.61  2.402  01  02.8  

4301 
1 

19 8,974.06  1.697  02  26.8  

3771 
1 
23 11.268.88  2.134  00  03  

7270 
1 

21 14.213.28  2.691  02  54  

3900 
1 

21R 1.623.06  0.372  02  40  

1350 
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TABLE    65    (Continued) 

Azimuth 
Length  of      Length  of      Closure  Error        Error 

Traverse  Number  Traverse        Traverse      . • .  of 

Feet  Miles  Minutes  Seconds  Closure 

1 

22 7,731.51  1.464  01  57  

5000 
1 

23 23.019.67  4.359  04  43.6  

5137 
1 

24 10.160.28  1.924  00  11  

8680 
1 

24,25.26,27 12.734.00  2.411  01  23.8  

7240 
1 

26 2.541.14  0.481  00  43  

5500 
1 

31 10.777.25  2.041  00  44  

5092 
1 

33 3.477.63  0.658  00  28  

6200 
1 

35A 7.861.59  1.489  00  14  

24499 
1 

35 3.779.49  0.715  00  29  

6268 
1 

37 5.857.87  1.109  03  28  

4650 
1 

38 7.757.04  1.469  00  02 

13202 
1 

41 4.547.00  0.861  00  02  

7100 
1 

43 7,855.43  1.487  01  05.3  

8100 
1 

44 17,156.81  3.249  01  38  

2120 
1 

45 20.209.00  3.825  00  21.5  

3490 
1 
46 7.194.50  1.362  00  22  

3650 
1 
301 10,161.15  1.920  00  30  

5670 

302 6.644.93  1.258  01  05  

8306 

303 6,953.08  1.317  02  30  

4730 

304 6.520.51  1.234  00  42  

12075 

305 * .       8.560.98  1.620  00  02  

47561 

306 15,445.84  2.925  01  10  

51486 

307 9,546.56  1.807  01  40  

2993 

308 7.093.48  1.343  00  10  

3385 
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TABLE    65    (Continued) 

Azimuth 

Length  of      Length  of     Closure  Error  Error 

Traverse  Number  Traverse        Traverse      . • .  of 

Feet  Miles  Minutes  Seconds  Closure 

1 

309.310 21.689.68  4.110  00  07  

3973 
1 

311.312 11.896.43      2.260       01      50        

3992 
1 

313 1.910.49      0.362       00      41        

3294 
1 

314 12.004.75      2.270       02      30        

-   3017 
1 

315 11.395.72      2.155       01      10        

3600 
1 

316.  357 4.427.99      0.838       00      20        

1800 
1 

317-1 9,218.87      1.745       01      20        

4300 
1 

317-2 2,959.63      0.560       00      20        

1470 
1 

317-3 3.093.77      0.585       00      10        

4650 
1 

319-1 6,853.85      1.298       00      00        

3720 
1 

319-2 1.566.41      0.296       00      03        

1740 
1 

320 4.100.35      0.776       00      14        

6530 
1 

321 3.874.74      0.733       00      03        

3500 
1 

322 6,096.95      1.153       01      10        

8240 
1 

323,  325 4,993.84      0.945       01      20        

5095 
1 

324 4,745.26      0.898       00      20        

2372 
1 

326 6,014.66      1.139       00      03        

3700 
1 

327 6,579.56      1.285       02      03        

1717 
1 

328 2.967.20      0.562       00      40        

1639 
1 

329 3.031.87      0.574       00      50        

1255 

330 3.595.50      0.681       (^      33        

1350 
1 

331 R.936.47      1.690       00      08        

2448 
1 

333 3.255.84      0.617       00      51        

1700 
1 


339 3.002.64      0.568       00      04 


6500 


703 


TABLE    65    {Continued) 


Traverse  Number 


Length  of 

Traverse 

Fbbt 


340. 


341 


342 


343 


344 


345. 


346. 


347 


5.122.79 


4.216.Q0 


5.233.59 


1.834.47 


3,742.92 


987.28 


1.718.55 


2.563.77 


351 11.931.79 


352.  353 27.985.69 


353L.  353V. 


354 


355. 


356 


357.  316. 


358 


359 


1.700.07 


5.599.93 


5.668.76 


9,494.34 


4.427.99 


9,470.73 


4.995.73 


600A  to  603R 20.747.78 


603Tto605B 12.001.68 


604  R  to  604 Y. 


604Z  to  607E 


608 A  to  608 X. 


3.879.95 


9.240.22 


6,988.16 


609A  to  610G 11,310.75 


Azimuth 

Length  of      Closure  Error  Error 

Traverse     . ' .  of 

Miles          Minutes  Seconds  Closure 


611B  to611P 


5,233.19 


0.970 
0.798 
0.990 
0.347 
0.709 
0.187 
0.325 
0.485 
2.260 
5.300 
0.322 
1.060 
1.072 
1.798 
0.837 
1.797 
0.945 
3.920 
2.275 
0.735 
1.748 
1.322 
2.140 
0.991 


00 
00 
00 
00 
00 
01 
00 
00 
00 
00 
00 
00 
00 
00 
00 
01 
00 
00 
01 
00 
00 
00 
01 
01 


36 

03 

16 

05 

40 

50 

40 

03 

00 

57 

20 

60 

00 

10 

20 

37 

30 

12.3 

07.1 

45 

45 

36 

47 

24.6 


3739 
1 

4300 
1 

3800 
1 

2911 
1 

2012 
1 

7594 
1 

1273 
1 

1473 
1 

5077 
1 

3124 
1 

1570 

1 

3140 
1 

19500 
1 

4230 
1 

1800 
1 

14100 
1 

5110 
1 

6700 
1 

3727 
1 

2337 
1 

4995 
1 

3119 
1 

3065 
1 

3584 
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TABLE    65    (Concluded) 


Traverse  Number 


Length  of 

Traverse 

Feet 


Length  of 

Traverse 

Miles 


Azimuth 
Closure  Error 

„ .^ 

Minutes  Seconds 


Error 

OF 
CLOSlfRE 


611P  to611S 


3.597.72 


612 14.13L33 


613 11.823.19 


614 


9,259.13 


615 10.854.99 


616A  to  Westhead 16,165.91 


616AE  to  616M 10.380.83 


617A  to  617BC 18.082.67 


617BD  to617BY. 


618 


5,139.13 


9.770.03 


619Ato619AA 13.492.15 


619AB  to619AF 


620. 


621 


622 


623 


624 


3.709.28 


8,101.08 


4.426.28 


5.998.74 


7.194.31 


4.548.34 


625 18.558.97 


632 


2.232.57 


633 11.956.22 


634 17.826.22 


635  and  63.5 Not  computed 


0.680 
2.675 
2.240 
1.754 
2.054 
3.060 
1.965 
3.420 
0.972 
1.850 
2.550 
0.702 
1.533 
0.838 
1.136 
1.361 
0.860 
3.515 
0.423 
2.260 
3.375 


00 
01 
01 
01 
00 
02 
00 
00 


00 


02 


02 
01 


15 

01.6 

40 

06 

23 

00 

10 

06 


40 


00 

02 

00 

30 

00 

05.5 

00 

35 

00 

20 

00 

50 

00 

10 

40 


1 

3  598 
1 

7807 
1 

1300 
1 

5612 
1 

9900 
1 

7772 
1 

4553 
1 

4000 


4500 
1 

5000 


4400 
1 

6147 
1 

2884 
1 

1300 

I 

248.> 

1 

11247 
1 


IS'JC) 
1 

20375 
1 


4270 


00  Not  computed 
50 


Average  error  of  closure 


5900 
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STADIA  SURVEYS  IN   NASSAU  COUNTY 

In  this  work  only  one  U.  S.  Coast  Survey  station  was  used 
as  a  control.  This  one  being  '*  Episcopal  Church  spire,"  South 
Oyster  bay  (Massapequa),  one  continuous  traverse  being 
carried  from  Hospital  station  in  Amity ville  to  "  Roeckels  "  at 
Rosedale.  For  this  work  a  party  was  made  up  as  follows: 
Assistant  engineer  in  charge,  one  instrument  man  (either  a 
topographical  draftsman,  rodman  or  axeman),  one  recorder, 
and  from  four  to  six  axemen  and  laborers  to  run  stadia  rods, 
clear  the  line  and  chain  the  distance  between  stations. 

A  party  made  up  in  this  manner  could  cover  about  one 
mile  a  week  on  a  strip  about  600  to  2000  feet  in  width.  This 
depended  a  good  deal  upon  the  nature  of  the  country;  the 
rate  of  prog-ress  was  very  much  slower  through  the  villages  of 
Frecport  and  Lynbrook.  The  first  closure  was  made  at  Massa- 
pe(iua  on  the  U.  S.  Government  station  and  was  1  in  about 
9000.  In  closing  through  from  ^lassapequa  to  Rosedale,  the 
error  in  azimuth  was  about  eight  minutes  and  in  closure  1  in 
5059.  This  error  in  azimuth  would  have  been  decreased  about 
four  minutes  if  the  corrections  had  been  made  at  Freeport 
and  Lynbrook  that  were  determined  by  the  observation  on 
Polaris.    Average  closure  of  all  traverses  1/9800. 


Length  of  traverses,  miles 33.8 

Number  of  stations 264 

Approximate  number  of  shots 6,054 

Area 

Square  miles 6.3 

Acres    4,032 

Number  of  topographical  sheets 27 

Total  cost,  including  salaries,  team  hire  and  travel- 
ing expenses  (field  expenses  only) $3,094.01 

Cost 

Mile  of  traverse $91.54 

Per  square  mile 491 . 1 1 

Per  acre 0.77 
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APPENDIX   C 


Errors  of  closure  of  the  traverses  in  Nassau  county  are 
shown  in  the  following*  table : 


Traverse  Number 


Length  of 

Traverse 

Feet 


Lbn'gth  of 
Traverse 
Miles 


Azimuth 
Closure  Error 

< •- , 

Minutes  Seconds 


Error 

OF 

Closure 


39 


6.280.10 


40 10,876.00 


105 


106 


4,680.5 


7.319.27 


225 84,653.2 


229 15,153.05 


1.189 
2.056 
0.884 
1.386 
16.035 
2.881 


1 


00 
01 
00 
00 
08 
00 


31 
41 
11 
38 
51 
21 


22302 
1 

4880 
1 

6000 
1 

13140 
1 

5059 
1 

7360 


Average  error  of  closure 


9800 


STADIA  SURVEYS   IN  THE  COUNTY  OF  QUEENS 

With  the  azimuth  stakes  already  established  at  Ridge  wood 
reservoir,  "  Aqueduct,"  *'  Metropolitan,"  and  "  Roeckels,"  the 
stadia  surveys  were  carried  east,  beginning  at  Ridgewood 
reservoir.  These  closed  on  the  three  latter  stations  very  satis- 
factorily, only  a  few  being  below  the  standard  of  1  in  5,000, 
and  one  being  as  high  as  1  in  754,000,  the  average  closure 
being  one  in  67,300. 

For  this  work  a  party  of  nine  men  were  used,  made  up 
as  follows: 

Assistant  engineer  in  charge,  instrument  man,  recorder, 
and  four  to  six  rodmen. 

A  Buff  and  Buff  5-inch  20-second  transit  was  used  with 
the  ordinary  low  tripod.  On  this  work  the  traverse  line  was 
run  first,  measuring  the  angles  and  distances;  the  topography 
was  taken  later.  The  angles  were  always  measured  from  left 
to  right  sighting  on  the  rear  station,  three  to  six  angles  being 
turned.  The  magnetic  bearing  was  read  on  both  lines,  and  as 
a  check  on  the  angle  work  before  taking  any  topography,  the 
instrument  was  set  on  the  back  station  on  the  back  azimuth 
and  turned  on  the  forward  station,  and  the  azimuth  read. 
Level  readings  were  taken  both  ways  to  determine  the  eleva- 
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tion  of  the  hubs.    On  this  work,  a  strip  averaging  about  1,500 
feet  in  width  was  taken. 


Length  of  traverse  in  miles 28^2 

Number  of  stations  set 340 

Approximate  number  of  shots 8,200 

Area  covered 

Square  miles 4.28 

Acres  2,740 

Number  of  topographical  sheets  (26  inches 

by  40  inches) 19 

Salaries   and   expenses,    including   supplies, 

materials,  etc.  (no  executive) $9,400.00 

Cost 

Per  mile  of  traverse $330.00 

Per  square  mile 22 .  20 

Per  acre 3 .  43 


Errors  of  closure  of  the  traverses  in  Queens  county  are 
shown  in  the  following  table : 

Azimuth 
Length  of      Length  of      Closure  Error        Error 

Traverse  Number  Traverse         Traverse      . • »  of 

Feet  Miles  Minutes  Seconds  Closure 

1 

900.  901 20.615.09  3.89  03  38  

5800 
1 

902 17.072.03  3.23  01  02  

3600 
1 

903 21.427.84  4.05  03  36  

4550 

904 13,566.26  2.56  Connected      with      traverse 

from  Ataityville 

1 

906 10.460.22  1.98  00  46  

19000 
1 

907 0,516.60  1.23  01  67  

40400 
1 

908 7.542.49  1.43  00  12  

754200 
1 

909 15.159.66  2.87  01  15  

3100 

910 1,942.80  0.37  00  39  none 

1 

911 10,654.80  2.02  01  22  

10500 

912 2.163.55  0.41  02  40  

1 

914 3.321.29  0.63  00  26  

5600 
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Traversb  Number 


Length  of 

Traverse 

Feet 


Length  of 

Traverse 
Miles 


Azimuth 

Closure  Error  Error 

. ^ .  op 

Minutes  Seconds  Closurr 


950. 


951 


7.239.06 


3,375.95 


1001 25.203.83 


1002 18,612.89 


1.37 
0.64 
4.77 
3.52 


00 
00 
01 
02 


07 
46 
05 
33 


14300 
1 

2100 
1 

4200 

1 

7000 


Average  error  of  closure 


67300 
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